CO 
CO 

•9 



PATENT SPECIFICATION W. 1493393 



(21) Application N<x 23751/74 (22) Filed 29 May 1974 
(23) Complete Specification filed 16 May 1975 
(44) Complete Specification published 30 Not. 1977 

(51) INT CL» C08F 2/44//B32B 17/04, 27/04, 27/20, 27/30 

(52) Index at acceptance 

C3P 11D2A1X 11K7 14D2F 14I>2H 14D3C1 14D7X 
14K7 7D2A1 7D2A2B 7D2A5 7K11 7K7 7K9 

2£*»SE?^,iP 5 8X8 9DU> 1 9I>1X 9K7 D7 PIC 
P1D P1B1 P1E3 P1E4 P1F P1X P4C PSX 
1R14C1X 1R14D 1R64 
1704 2704 2720 2730 
(72) Inventors PETER GEORGE OSBORN, DESMOND WILFRID 
JOHN OSMOND and BARRffi JOHN THORPE 



B5A 
B5N 



J?tl^l I ?iS URABLE COMPOSITIONS CONTAINING 
PARTIOILAT^ FILLERS AND COMPOSH^LYmSk: 
MATERIALS OBTAINED THER^IQM 



10 



15 



tfl) We* IMPERIAL CHEMICAL 
INDUSTRIES LIMITED, Imperial Chemi- 
cal House, Mfllbank, London SW1P 3JF, a 
British Campany, do hereby declare die inven- 
don for which we pray that a patent may be 
granted to us, and the method by which it is to 
be performed, to be particularly described in 
and by the following statement:--* 

This invention relates to novel curable com- 
positions having improved fabrication charac- 
teristics, to a method of producing gnrft enm- 
Potions, and to the use of the compositions 
for making composite materials which under 
certain circumstances possess desirable com- 
binations of stiffness, strength and toughness 
and may also possess other useful properties 
such as good abrasion resistance and resistance 
to fire. More particularly, the invention relates 
to stable fluid,, curable compositions which 
comprise a dispersion of particles of one, or 
more inorganic materials in a polymerisable 
organic liquid precursor, to a method of pro- 
ducing such compositions and to the production 
by curing thereof of multi-component compo- 
site materials which comprise an or ganic poly- 
mer matrix and a particulate inorganic 
reinforcing phase dispersed in, and bonded, to 
the matrix. 

It is known to extend polymers by the 
incorporation of non-fibrous, particulate fillers ' 
in order to cheapen them and/or to produce 
a stiff er material. Simple admixture of such a 
filler and a polymer usually results, however, 
in a very weak and brittle product More 
35 recently, it has been demonstrated thatstronger 
composite materials can be obtained if a strong 
bond is ensured between the polymer matrix 
and the filler particles. We have now found 
, rt ** by employing filler particles which are 
40 finely divided and are stably dispersed at high 
particle concentrations in a polymer matrix 
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30 



with the add of a polymeric cfepersant, it is 
possible to obtain composite mafr^riflls of great 
utility which can be simultaneously stiffer, 
• stronger and tougher than known composites. 45 
We have also found that the use of such a 
dispersant makes it possible to formulate highly 
fluid compositions comprising high concentra- 
tions of finely divided filler particles in poly- 
rarisahle liquids, such compositions being 50 
capable of being cured to yield directly the 
improved composite materials referred to. 
\ According to one aspect of the present inven- 
tion there is provided a stable, fluid, mouldable 
and curable composition comprising (A) an 55 
organic Mquid which is polymerisable to form 
a sohd polymer as hereinafter defined and has 
a viscosity not greater than 50 poise at the 
temperature at which the composition is to be 
moulded, (B) finely divided particles having 60 
the sue and surface area characteristics herein- 
after defined of one or more inorganic fillers, 
the said particles constituting at least 20tV by 
volume of the total composition, and (C) a 
polymeric dispersant as hereinafter rf^M 65 
whereby the filler particles are maintained in a 
state of stably deflocculated fispersioa in the 
polymerisable liquid. 

By "an organic liquid which is polymerisable 
to form a solid polymer", as component (A) 70 
of the composition, is meant herein one of the 
following dasses of material:— 
(a) A liquid monomer, or a liquid mixture of 
monomers, which can be polymerised to form 
a solid polymer in which the repeat units in the 75 
polymer chain are linked through carbon- 
carbon bonds or by such bonds interrupted by 
hetero atoms such as oxygen, nitrogen or sili- 
con. Preferably the polymerisation of die 
monomer or monomers takes place without the 80 
formation of any dimination product; in other 
words, preferred monomers are those which 
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polymerise by bond rearrangement reactions. 

Such reactions may be of the following 
types;—* 

(i) addition polymerisations of vinyl, 
vinyExiene, or other sanflar ■unsatu- 
rated monomers, in the presence of 
conventional free radical initiators 
each as peroxides or azo compounds, 
or of conventional cationic or anionic 
initiators; 

addition * polymerisations of ring* 
opening cynic monomers, using 
cationic or anionic initiators; 
(oil) bond-rearrangement type condensation 
reactions, if desired in the presence of 
conventional catalysts. 
Examples of such preferred liquid monomers 
of type (a) include the ethyleiucally unsatu- 
rated monomers such as the esters of acrylic 
and rnethacrylic acids with aliphatic, alkydic 
ox aromatic alcohols containing from 1 to 18 
carbon atoms, fox example methyl merhacryl- 
ate, ethyl methacrylate, propyl methacrylate, 
butyl methacryhrte, ethyi acryiate, butyl acryi- 
ate, 2-ethyi hexyi acryiate, ethylene glycol di- 
mothacrylEtB, trmiethylcipropant trimcth- 
acrykte, hydroxypropyi methacryiate, hydroxy- - 
ethyi acryiate, dimethylarnmoerbyl methacryl- 
ate and dietlrylariunoethyl methacryiate; 
vinyl aromatic compounds such as styrene, 
vinyl toluene and o^inyibenzene, rni ri mixtures 
of these with maleic acid or fumaric acid 
derivatives such as chlorophenylmaleiTrride and 
.butyl hydrogen maleate; allyl ethers and esters 
such as allyl diglycol dicarbonate; and other 
monomers of this class including acryionirrile, 
rnethacrylomtrile, vinyl esters such as vinyl- 
acetate, vinyl ethers, vinyl chloride, vinylidene 
chloride and vinyl pyrrolidone. 

Examples of preferred liquid monomers of 
type (ii) include cyclic ethers, in particular 
epoxides such as glytidyl ethers, e.g. alkyl and 
aryi £yddyl ethers, and glyddyl esters, such 
as "Cardura" B (Registered Trade Mark) 
wHch is the reaction product of epicbloro- 
hydrjn and a mixture of branched Cb-u mono- 
carboxyiic acids fcnown as "Vexsaric" acid 
(Registered Trade. Mark). Other exampl 



include fbrmals such as trioxane; lactones and 
50 cyclic esters such as £-prorttdactnne, «-capro- 
lactone; lactams and cyclic amides such as 
e-caprolactam, lauryi lactam, • pyrrolidone; 
cyclic siloxanes such as occarnethyl cydotetxa- 
sfloxane. . 

55 Further examples of the preferred class of 
liquid monomers includes the following pairs 
of co-reactants which polymerise by reactions 
of type (iii) referred to above: polyamines and 
polyisocyanates, polyols and polyisocyanates 

60 and pdycarboxylic acids (or then- anhydrides) 
and polyepcoddes. Suitable polyamines indude 
ethylene diamine, hexamethylene diamine, deca- 
methylene diamine, diethylene triamine, piper- 
cLzlne* m— and p-xylylene diamine and m- and 

65 p-phenylene diamine. Suitable polyols mclude 



ethylene glycol, diethylene gycol, trimethyiene 
glycol, tetramethylene * glycol, hexamethylene 
glycol, tetramethyl ethylene glycol, neopentyi 
glycol rrimethyldpropane, glycerol, 1,2,6- 
hexanetriol, 1,3- and 1,4-cyci^^ 70 
r>xylykue gtycoL Suitable polyisocyanates in- 
clude hexamethylene diisocyanate, 2,4- and 
2,6-tolylene dSsocyanate and 4,4 / -diisocyanaUv 
diphenyl methane. Suitable pdymboxylic 
adds or their anhydrides include succinic acid, 75 
adipic acid, phthalic anhydride, isophthaiic 
add, terephthalic add, trim eu i tic add, pyro- 
melUtic add and 1,3- and 1,4-cyclohexane dx- 
carboxylic adds. Suitable poiyepoxides include 
the glyddyl ethers of 1^-butane diol, g ycerol, 80 
resordnol and bisphenol A; bis-2,3-epoxy 
cyclopentyl ether. 

(b) A mixture of one or more preformed poly- 
mers with one or more monomers, the mono- 
mer constituents ) of which can be polymer- 85 
ised so t h at a solid polymer product results. 
The monomer or monomers may be the same . 
as those described in (a) above, those which 
undergo a bond-rearrangement type of poly- 
merisation being again preferred Hie pre- 90 
formed polymer or polymers may be either in 
solution in the monomer constituent or in a 
state of dispersion therein; the polymer may 
be either the same as, or different from, the 
polymer which is produced by the polymerisa- 95 
tion of the monomer constituent Where the 
preformed polymer is soluble in the monomer 
constituent, it may be either compatible or 
incompatible with the polymer produced by the 
polymerisation of the monomer; it may also 100 
be capable of undergoing grafting by the 
monomer'. 

The preformed polymer or polymers may be 
'produced by any polymerisation route and, for 
this purpose, h is of no consequence whether 105 
or not any by-products are formed during the 
polymerisation. Thus the polymers may be 
made by polymerisation in die melt or in 
solution, by suspension polymerisation or by 
aqueous or non-aqueous dispersion polymerisa- H( 

techniques, and isolated by conventional 
methods. Where the preformed polymer is 
to be present in the polyrnerisable liquid in . 
the form of dispersed colloidal particles which 
are insoluble in the liquid, these partides may Hi 
be made by grinding bulk pdymer to the 
requisite degree or, more conveniently, they 
may be produced directly by employing aque- 
ous or non-aqueous dispersion polymerisation 
procedures. Aqueous dispersion polyrnerisatwn 121 
techniques are very fully described in the 
technical literature; non-aqueous polymerisa- 
tion T^bmq iie< art described, for example, m 
Spedfications Nos. 941,305; 1,052,241; 
1,122,397; 1,123,611; .1,143,404; 1,231,614. \2 

By employing a preformed polymer which is 
incompatible with the polymer formed by 
' rarrmg the monomeric constituent of the poly- 
rnerisable liquid, one finally obtains a composite 
material in which the polymer matrix is itself 13 
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a modified, composite, phase, generally having 
a continuous cxxmponect consisting of the poly- 
mer formed during coring and a disperse com- 
ponent consisting of particles of the preformed 

5 polymer. In this way, for example, a glassy 
polymer matrix may be modified by the incor- 
poration in it of preformed robbery polymer 
particles. Alternatively, the rubber may be 
initially in a state of solution in the monomer 

10 and be caused to phase-separate as the poly- 
merisation proceeds. Alternatively, it may be 
arranged that strong ionic bonding forces are 
developed at the interface between the polymer 
phase. Such techniques are well-known in the 

15 polymer dispersion and composites' art 

Examples of rm'Tfri polymer/monomer sys- 
tems suitable for use in the invention include, 

(1) syrups of reactive polymers such as (i) 
unsaturated polyesters, vinyl or vinylidene 

20 groTn>toirninated urenSanes, hydroxyalkyl 
acrylic or metfaacryfic ester adducts of 
aminoplaste such as- m^gTrrira^fnam fflfaw 
hyde resins and acrylic or methacryiic add 
adducts of epoxy resins, in each case in 

25 ' combination with and dissolved in one or 
or more ethylenically unsaturated mono- 
mers; (ii) mixtures of polyhydroxyHc 
polymers such as* cr/i>-h ydr u xyl ic poly- 
ethers, polyesters or porytatadaenes with 

30 polyisocyanates; (iii) mixtures of poly- 
epoxide-amtaming polymery such as 
epoxidised polybutadienes and novolacs or 
oligomeric diglyddyl ethers of epicMor- 
hydrin and bisphenoi A, with polyamines 

35 or anhydrides; 

(2) syrups of non-reactive polymers dissolved 
in monomers; those in which the polymer 
formed on curing-is compatible with the 
preformed polymer include poly (methyl 

40 methacrylate) /methyl methacrylate, and 
poly (2,6-dimethyiphenyicne oxide) /sty- 
rene. Those in which the two polymers 
are incompatible include polyisopzene/ 
acrylonitrile, poly^(butykcr^ato) /methyl 

45 methacrylate and cellulose acetate buty- 
rate/methyl methacrylate; 

(3) dispersions of polymers in monomers 
in which they do not dissolve, such' as a 
polybutadiene microgel, encapsulated with 

50 cross-linked poly(memyi methacrylate),. 
in methyl methacrylate monomer, poly- 
acrylonitrile in memyl metbacrykte or 
butyl acrylate, cross-Kriked poly- (butyl 
acrylate) in acrylonitrile and polyvinyl 

55 chloride in methyl methacrylate. 

(c) a partially polymerised material or a pre- 
polymer, which is capable of polymerising 
to completion by any of the known poly- 
merisation mechanisms but preferably by 

50 a bond-rearrangement mechanism as 
referred to in (a) above; Such pre- 
polymers include low molecular weight 
' unsaturated oligomers such as 1 ^-unsatu- 
rated polybutadienes and vinyl-tenninatrai 

55. polyesters; polyepoxides such as epoxi- 



dised novolacs and polybutadienes; and 
pre-polymers obtained -by partially react- 
ing materials which undergo step-poly- 
merisation, Le. those winch only yield high 
molecular weight products at 1 %h 70 
degrees of conversion of monomer to 
polymer; examples of these materials are 
the pairs of co-reactants ntPntinpfri in . 
(a) above which polymerise by reactions 
of type (iii). 75 
The polymerisabie liquid A, whether of class 
(a), (b) or (c), may be such as to produce 
on polymerisation either a crystalline polymer 
or an amorphous polymer, and in the case of 
the latter the polymer may be either glassy or 80 
rubbery, that is to say it may have a glass 
transitio n temperature which is either above or 
below the environmental temperature respec- 
tively. There may be incorporated in the poly- 
mers non-reactive plasticisers such are normally 85 
used with -these polymers. 

In defining that the ^ymerisable organic 
liquid should have a viscosity not greater than 
50 poise at the temperature at which the 
curable composition of the invention is to be 90 
m ou ldcd j we have regard to die fact that this is 
the temperature at which, the viscosity is of 
greatest practical significance for die fabrica- 
tion of composite material* from the curable 
composition. If the viscosity at this temperature 95 
is too high, the ease with which the composition 
can be moulded wiH be diminished However, 
it is permissible for a monomer to have a vis- 
cosity at room temperature above the range 
stated, if the moulding is carried out at an 100 
elevated temperature, since viscosity normally 
falls with increasing temperature, The tem- 
peratures at which m/vniHtng fink / wing respec- 
tively of the compositions are n^rrifd out will 
not necessarily coincide. 105 

It is preferred that the viscosity of the poly- 
merisabie liquid should be not greater than. 10 
poise at the moulding temperature, and even 
more preferably it is not greater than 1 poise 
at that temperature, \ jq 

Ihe particulate inorganic filler (B) which is 
stably, dispersed in the polymerisabie organic 
Squid (A) according to the invention is charac- 
teristically a solid material having a high elastic 
shear modulus, namely a modulus of not less 115 
than 5 GN/m 1 and preferably not less than 
10 GN/m 1 . Alternatively, writable solid mat- 
erials may be defined as those having a Knoop 
.hardness of greater than 100. Examples of 
suitable, solids include a wide variety of minerals {20 
such as aluminas, forms of silica such as quartz, 
cristobalite and tridymite, kaolin and its calci- 
nation products, feldspar, kyanite, olivine, 
nepheline, syenite, sflMmanite, zircon, woflas^ 
tonite, apatite, aragonite, cafrite, magnesite, 125 
barytes, gypsum and other metal silicates, alu- 
minates, aluminosilicates, phosphates, sulphates, 
carbonates, sulphides, carbides and oxides; 
metals, which may be either brittle or ductile, 
such as cast iron, zinc alloys, aluminium, 130 
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bronze and steel; and artificial materials pirfo 
as glasses, porcelain, slag ash and forms of 
carbon such as cote. 
In stating that the particles of the inorganic 

5 filler are finely divided, we mean that the 
maximum size of any particle present is 100 
microns, that at least 95% by number of die 
particles are of a size 10 microns or less, and 
that the particles have a surface area of from 

10 30mYcc to lmVcc, preferably from 20mYcc 
to ZmVoc, a* determined by the B.B.T. nitro- 
gen absorption method Preferably more man 
99% by number of the particles are of a size 
10 microns or less, and in general the nearer 

15 the number proportion of such particles 
approaches 100% the better, e^g. a proportion 
of 99.999% by number of a size 10 microns 
or less gives very satisfactory results. It is at 
the same time preferred mat the maximum size 

20 of any particles present should be 75 microns, 
even more preferred that the maximum size 
should be 50 microns. 

The particles of the inorganic filler may have 
broad or narrow size disMbotions and these 
. 25 may be either monomorial or polymodal within 
the stated sire ranges. The particle size of the 
filler refers to the largest dimensions of the 
particles, which may vary from being granular 
to being plate-like, cylindrical or rod-like, or 

30 oblong in shape. It is preferred that the par- 
tides be generally granular in shape as opposed 
to plate- or rod-like, since the stiffness of com- 
posite materials made from the curable com- 
positions and the ease of fabrication of the 

35 latter into composite materials are optimised 
thereby. However, for special applications, 
particles with length-to-diameter or length-to- 
thickness ratios not greater than 25:1, for 
imrnplc certain particles of asbestos, wolks- 

40 tomte, silicon carbide or silicon nitride "whis- 
kers"* kaolin ox alrnninmrn or mica platelets, 
maybe employed. 

' The particulate filler may consist of only 
one of the materials referred to above, or it 

45 may consist of a mixture of two or more such 
materials. The particles may be produced by 
precipitation or ammisation, or from bulk mat- 
erial by conventional grinding or milling tech- 
niques. This aspect of the invention is discussed 

50 m more detail below. 

It is also preferred that the surfaces of the 
particles are at least free of loosely bound 
water, as achieved, lor example, by heating 
them to 150*C In some cases, such as those 

55 in which a sikne interfarial bonding agent fs 
used as described below, it may be advantage- 
ous to calcine the particles at temperatures 
above 40O°C It is important that the particles 
used are not contaminated by deliberately 

60 mtroduced low molecular weigjir surface-active 
materials such as die fatty adds or salts thereof 
with which fillers as sold commercially are 
commonly treated 
As already stated, the curable compositions 

65 contain: at least 20% by volume of the stably 



dispersed particulate inorganic filler, and they 
may contain as much as 90% by volume of 
that component. Preferred volume concentra- 
tions of filler, in order to achieve the most 
advantageous properties in the composite mat- 70 
erials obtained by curing the fluid composi- 
tions, depend to some extent on the nature of 
die solid polymer which is produced in the 
curing process, -Where die solid polymer is 
amorphous and glassy, or where it is crystalline, 75 
a preferred concentration of filler is from 35% 
to 85% by volume, more preferably from 50% 
to 80% by volume, based on the total curable 
composition. In cases where the filler particles 
become strongly bonded to the solid polymer, 80 
as described in detail below, such concentra- 
tions of filler can result in an appreciable 
increase not amy in stiffness but also m strength 
of the composite materials obtained on curing 
as compared with die unmodified solid poly- 85 
mer, without significant loss of toughness. 
When the solid polymer is rubbery and the 
filler particles are again strongly bonded 
thereto, the preferred volume concentration of 
filler ranges from 20% to 50%, based on the 90 
total curable composition; the elongation to 
break and tie tear strength properties of the 
cured composites are significantly better than 
those of the unmodified polymer, with only 
a rno^ate increase in its stiffness. Concentra- 95 
tions of filler above 50% by volume may, 
however, be -useful in the case of rubbery poly- 
mers for application in suspension systems, as 
compression blocks for bridges or mounting 
blocks for machinery, or as seaHng.ga&kets. 100 

The polymeric dispersant (C) employed in 
the curable compositions is defined as an 
ainphipathic substance containing (a) at least 
one chain-like component of molecular weight 
at least 500 which is solvated by the polymer- 105 
isable organic liquid (A) and is also solvated 
by, or is compatible with, the oligomeric or 
polymeric products which result throughout the 
course of die curing operation from the poiy- 
merisable organic liquid, and (b) one or more no 
groupings which are capable of associating with, . 
and effecting anchoring to the particles of the' 
inorganic filler (B). The chain-like com- 
ponent is solvated by the poiymerisable liquid 
01 its curing products in the sense that, if this 115 
component were an independent molecule, die 
poiymerisable liquid or those products would 
be significantly better than theta-solvents for 
it; the nature of a theta-solvent is discussed in 
"Polymer Handbook" (ed. . Brandrup and 120 
Irnmergut, mtersdence, 1966) and in "Prin- 
ciples of Polymer Chemistry", Chapters 
12^-14 (FloryrCornell, 1953). More simply, 
the poiymerisable liquid may be described as 
being a "good" solvent for the chain-like com- 125 
ponent. 

Suitable polymeric dispersants may be 
divided into the following types, of which illus- 
trative but not limiting examples are given in 
the accompanying table:— 1 30 
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1. Simple polymer or copolymer chains 
soivatable by the polymerisable organic liquid 
and terminatod by a angle particle- anchoring 
group. These may be generally represented as 

5 Xn Y, where X denotes a monomer unit (not 
necessarily identical throughout the chain), n 
is the degree pf polymerisation* and Y is a 
specific anchoring group. The anchoring group 
may be, for example, a carboxyl, amino sul- 

10 phateor hydroxyl group, as discussed in more 
detail below, and may be derived either from 
a suitable (co)monomer unit or from a transfer 
agent present during formation of the polymer 
chain. The polymer chain will have a minimum 

15 molecular weight of 500; preferably its mole- 
cular weight is greater than 1500. " 

2. Random copolymers having a chain of mole- 
cular weight at least 500 which is soivatable 
by die polymerisable liquid, in which the 

20 monomer units carry a plurality of particle- 
anchoring groups. These may be represented, 
for example, by —XXXYYXXXXY-^ where 
X is a monomer unit conferring on the polymer 
chain sohixfliry in the polymerisable Hquid and 

25 Y ia a monomer unit bearing a spedfic anchor- 
ing group as in category (1)'. Hie copolymer 
preferably has a molecular weight greater than 
3000. The. monomer units carrying the anchor- 
ing groups constitute from 1—20% by weight, 

30 preferably from 1.5—15!% and more prefer- 
ably from 2—10%, of the total copolymer. 

3. Block copolymers, which may be either 
simple or multiple: 

(i) Simple AB block cooplymcrs, where A 
35 represents a polymer or copolymer chain 

soivatable by the polymerisable liquid and B 
represents a polymer chain which is mot thus 
soivatable and. thereby ftmctttoas as a 
partTd^anchoring group. Hie mr>\fin\U T 
40 wdghi of the A block should be greater than 
500, preferably greater than 1500, and the 
weight ratio of the A block to the B block 
is preferably between 3:1 and 1:3. 

(ii) Multiple block copolymers, eg., 
45 —Am Bn Ao Bp—, where A and B have the 

some significance as in (i) and the suffixes 
m, n, o, p — denote differing lengths of poly- 
mer chain in each sequence of the Mock. 
The molecular weight of each A block is at 

50 least 500 and preferably greater than 1,500, 
and that of each B block is preferably not 
less than 500. The weight ratio of A blocks 
to B blocks is preferably the same as in (i) . 
4. Graft copolymers. These may be of three 

55 types represented by: — 



(0 



Am- An 

^ccccJcc^ 



(ii) Am An Ao 

— qJcdcci)cccL. 

(iii) Am An 

—olxxxLcc 
Ao ip 

where A denotes a chain solvatabde by the poly- 
merisable liquid and B denotes a chain non- 60 
soivatable by that liquid, the suffixes m, no, o, 
p--denotiijg differing lengths of the chains A 
and B; C is a mo nome r giving rise to a poly- 
mer backbone which in(i) is noc-solvatahle by 
the polymerisable liquid and in (ii) and (iii) 65 
my be either soivatable or non^solvatahle by 
that liquid, and D is a monomer unit bearing a 
specific partide-^ndioring group, similar to 
the monomer units Y in.(2) above. 

la these graft copolymers, -die soivatable A . 70 
chains have a minimum m<dwr0fl r weight of 
500. The weight: ratio of A chains to chains 
of C units in (i), or of A chains to chains of 
C end D units combined in (ii), is preferably 
between 3:1 and 1:3, more preferably as dose 75 
as possible to 1:1. The D mouomer units in 
(ii) should be present in the proportions indi- 
cated in (2) above in respect of the Y units. 
In (iii), the molecular weight of the B chains 
should be greater than 500; if the chains of 80 
C units are solvatahfe, the weight ratio of 
(A^f-C):B should be from 3:1 to 1:3, whilst 
if the chains of C units are ncn-«olvaJable the 
weight ratio of A:(B+C) should be from 3:1 
to 1:3 and ithe weight ra<tio of B:C should also 85 
be within these limits, preferably about 1:1. 

In selecting the polymeric dispersant to be 
used, it is important to avoid those- amphi- 
paduc substances, particularly of types (2) and 
(4) above, with soivatable polymer chains con- 90 
tauung several groupings capable of anchoring 
to the particulate filler which are so disposed 
that the substances are in fact flocculants, not' 
dispersauts. Polymeric dispersants are identi- 
fied as those polymers wfiich, when in their 95 
normal configuration at an interface between 
ao inorganic particle and the polymerisable 
liquid, have a low concentration of anchor 
grouping towards the outside of the sheath of 
polymer adsorbed on the particle, whereas 100 
flocculants characteristically have a substan- 
tial or high concentration of such groups on 
the outside of the sheath. The exact conditions 
and molecular types which achieve dispersion 
rather than flocculauon will be recognised by 105 
those skilled in the art 
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of that polymer. If solvated components of 
molecular weight Bear the lower limit indicated 
for effective stabilisation are employed. It is 
preferred that the component in question 
5 should contain some polymerisable or. other 
reactive grouping so that it can become chemi- 
cally, as well as physically, incorporated into 
die polymer matrix. 
It will accordingly be understood that the 

10 suitability of the solvatable component of a 
particular dispersant is dependent upon the 
choice of rwfymer matrix. 

As already indicated, the partf de-anchoring • 
groupings which are present in the polymeric 

15 dispersant may broadly be of two types. The ' 
first type of groupings are those having some 
specific affinity for the surface of the inorganic 
particles,- and these include polar groupings or 
chemically reactive groupings which are com- 

20 pkmentary to polar or reactive groupings 
present on die particle surface. These may be 
defined in more detail as follows: — 

(i) those groupings whereby some form* of 
ionic bond with the inorganic particle is prob- 

25 ably developed, far example carboxylic or 
sulphonic aod groups which can form salt-like 
bonds with metal ions or base-like centres in 
- the p&rrioles, or amino or cjuaternary ammo- 
nium, groups which can form such bonds with 

30 acidic centres in the particles; 

(ii) those which probably lead to the formation 
of a covalent band with the particles, eg. iso- 
cyanate or alkoxysilane groups which can react 
with hydroxylic centres in the particles, or 

35 chromic chloride and other chelating agents 
which can react with chela table centres in the 
particles; 

(ifi) those which probably lead to the forma- 
tion of hydrogen bonds between the dispersant 
40 and the particle, such as carboxylic acid groups 
which can interact with hydroxyl groups in the 
particle; 

(iv) those whereby some physical adsorption 
on to the particle surface takes place; for 
45 example through dipole-dipole interactions or 
van der Waal forces ; such groups include nitro, 
cyano, ester, amide and betaine groups, the 
weak interactions of which can be reinforced 
by attaching the groups in sequence to a rela- 
50 trvely inflatable polymer chain. 

The second type of anchoring groups are 
polymeric chains which, as compared with the 
solvated polymeric chains previously discussed, 
are relatively non-solvated by the polymerisable 
55 liquid (A) and each segment of which has at 
least a small, if non-specific, affinity for die 
inorganic particles. Examples of such groupings 
are poly(acrylic ester) or poly(methacrylic) 
ester chains where the carboxylic ester groups 
60 are responsible collectively for the anchoring 
function, or polystyrene chains where the 
aromatic rings perform that function. 

There may be used, if desired, anchoring 
groupings of both the specific and the non- 
65 specific types mentioned above. 



By way of further illustration, some poly- 
meric dispersants which are suitable for use 
m'spedfic situations will be described in more 
details. 

Examples c£- dispersants which are particu- 5 
iarly suitable for use with addition polymers 
derived from one or more unsaturated mono- 
mers, or syrups of high molecular weight poly- 
mers dissolved in such monomers, are polymers 
of similar molecular type to the matrix poly- 10 
mer, having: a molecular weight in the range 
20,000 — 200,000, and having a number of 
groups distributed along the polymer chain 
which are substantive to the inorganic particle. 
Thus, for . a syrup of a 90/10 */ w copolymer 15 
of methyl merhacrylate and butyl acrylate in 
methyl merhacrylate; a suitable dispersant is a 
95/5 Vw copolymer of methyl merhacrylate 
and methacrylic acid, or a metal salt of that 
acid. Other co-monomers which are polar and 20 
substantive to inorganic materials -are also 
useful* eLg. methylaminoethyl merhacrylate and 
quaternary ions or add salts thereof, meth- 
acrytamide, y-mrrh nnyioxypropyl trimethoxy 
silane, adducts of gjycidyl methacryiate with 25 
polar-substituted aromatic acids such as 
p-arninobenzoic acid, and adducts of glycidyl 
xnethacrylate with y-ammopropyl tnmethoxy- 

Another from of dispersant which is useful 30 
is a copolymer consisting of solvated polymer * 
chains which are attached at random intervals 
along a relatively insoluble polymer chain, die 
ifltrw chain also having randomly attached 
thereto groups capable of effecting anchoring 35 
to the particles of inorganic filler. Such poly- 
meric dispersants can be made, for example, 
by the methods described in British Patent 
Specifications Nos. 1,052,241 and 1,122^97. 

Examples of dispersants which are particu- 40 
larly suitable for use with polymer matrices 
obtained by polymerisation, chain-extension 
and cross-lmkrng of unsaturated oligomers and 
their solutions in unsaturated monomers, are 
oligomers of a similar molecular weight which 45 
contain one or more similar unsaturated groups 
and one or more* pendant polar groups. Thus a 
suitable dispersant for use in a solution in 
styrene of an epoxy resin which has been 
doubly terminally reacted with methacrylic 50 
ar jfl to yield a divinyl-unsaturated polymer 
(such materials are sold under the name 
"Derakane" (Registered Trade Mark)), is an 
oligomer which has been reacted at only one 
end with methacr ylic acid to give a terminally 55 
unsaturated species and at the other end with 
p-arninobenzoic acid or with 7-aminopropyl 
trirnethoxysilane to give a terminal grouping 
capable of adsorbing on to an inorganic par- 
ticle surface, e.g. of silica. 60 

Dispersants indicated as particularly suitable 
for one type of polymerisable liquid are nor 
necessarily restricted to use with that type and 
are only illustrative of what is possible. Thus 
the above terminally unsaturated dispersant 65 



could be equally useful in a simple methyl 
niiahacryiate monomer-based composition. 

uremane derived from a polyol and a poteb- 
• S cyanate is obtained by grafting some of the 
polyol pardon af die polymerisable liquid on to 
an acrylic polymer backbone which contains 
polar substituents. A suitable dispeisant for 
ure in an epoxy resin system can be obtained 
10 by reacting p-nitrobenzoic add with same of 
me epoxy groups of me epoxy resin. Far a 

9°*** 6 ^d^teoninated 
urethra disposant can be made by reacting 

some of die urethaiwduougi free Nl^groaS. 
15 S^SLS^ * r****V«Wl trgff 
Although in the majority of cases the t»W 

„ a ™£ incorporated conaitaaat erf the 
20 onable compositions of the h i rS 

SS? tbat 3 be80 » matisuT^p^ 
for some consnmew of the polymerisablelaS 
(A) iself to perform tne fustian of k*vS 
„ the terminal cX^fcd 

become adsorbed on to the inorganic WHe 

wffl act as a dispmam, but ahaxbSc^rid 

SSff 4^*- Polyesters 
g^aaHy devoid of such dicarboxylic acid 
but rantam significant amounts Hrf 

« S^ 0 ^ , add chflitis *«n be made by 
35 nsmg excess diol to make a low addvahi 

£S?? r K aad ^ further reducfegAe add 
content by reaction with a monoxide, as 
owhned for eampfc m British Patent Spcd- 

40 Bqmdly, h is possible for the <%^S » 
befmmed u i situ, during the pSTdi 
P*srag the. filler m the polymerisable liquid 
tor example in consequence of there already 

ak P™*? - a low molecolar wdghtlS. 

45 stance, containing a potential fifler-imdiorius 
m, .which can combine with a sofonMe 
polymer chain. For example, eooiMoL 
S^LT^ PolymeV^chamTct 

cn caibox y i S«ftP «* a nitro- 

50 benzoic aod during the dispersion step 

rr^U'~ P i ni011 of Poetic dispersant 
is subject to wide variation depending onX 
nature of the associated gnwffi^tff £ 

aoeaed, the pamde surface area and concen- 
' ^nature of the poSSe 

Si« » SOienl. « satisfactory^^ 

60 surface area, as determined bv the Trt 

is essential, m order to ensure that meto 
65 the curable composition and remafTduring 
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die oinng of the composition. In general 
higher concentrations of polymeric dS 
are required when the inorganic partide con- 
centration aid total surface^ aS§fa,X 
also when die polymerisable liquid chains 70 
a soluble, preformed oligomer or poiymer- 70 
Above a certain optimum level thereis no 
tetter advsmtage to be gained in terms of 

StSLS^ by incrcasin S *e propordon 
* Polynienc dispersant . 7S 

. Wh ? re curable compositions of the 
mvennoo. incorporate two or more types of 
finely divided paniculate material, or where 
mere is present, in addition to the particulate 
inorganic filler, a pigment as referred to below, an 
it may be advantageous to employ two or 
more different polymeric dispersants. In these 
mspersmts, the "andwring*' components may 
tediflerendy selected according to the surface " 
otaracteristics of me particles in question. The 85 
solvamble components of lie dispersants may 
be other the same or different, but if different 
they must nevertheless be compatible with one 
amther and with the other «J£»!J!l *e 
curable composition, as previously discussed. 90 

Although it is not essential hi wdaTlo 
obtain certain of the benefits of the inrnnion, 
tt « a preferred feature of the curable com- 
positions of the invention that, in addition 
^^P^S.^polymerisabreorgpmc liquid 95 
(A), the particulate inorganic filler fBrand 
the polymeric dispersant (C) already des- 
afted they should contain a substance pro- 
vidmg j active gnmpinga whereby it may be 
ensured that the polymer matrix and the per- 100 
Udes are very strongly bonded together in *e 
final composite material obtained after curing 
Some degree of bonding between the matrix 
andthe parrides is always present simpiy by 
^^5** Presence of the polymeric dis- 105 
persant, die characteristics of which, result in 
i» becoming located at the interface between 
these two phases and exhibiting an affinity for 
them both. However, in order to obtain com- 
posite materials of optimum mechanical 110 
properties, it is necessary mat the strength of 
• tne bond between the polymer matrix and the 
particles should be at least as great as the 
internal cohesive strength of whichever of these 
two consutuentB is the weaker. 

In suaablecases, the required strong bond 
ff?^ P™,*^ th ™ u S h me use of arTappre- 
pnately selected polymeric dispersant, whereby 
die forces which associate the dispersant with 
2tTf deS a^tiy strong and the 120 
so vated component of the dispersant becomes 
folly integrated into the polymer matrix after 
curing either through chemical interaction or 

S t ** ^ a 0Mn P«a'le polymer 
of comparable molecular weight. 

Prefesably, however, the production of a 
my strong bond between the polymer matrix 
and the particles is achieved or assisted bv the 
incliiswn in the curable composition of a W 
poiyrnenc. bonding agent of the type which 130 
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contains one or more groups capable of inter- 
acting with groups in the inorganic material, 
and also one or more groups which can cr> 
. polymerise with, or otherwise .graft on ttfc 

5 the polymer fonning the mEtiixin the finished 
composite material In using a low molecular 
weight banding agent of this type,, care most 
be taken that the bonding agent is, lite the 
polymeric dispersant, present at the interlace 

10 between the two species to be bonded; tins 
requires that the proportions of dispersant and 
banding agent used should be controlled so 
that neither individuaUy achieves saturated 
coverage of the particle surface, thus leaving 

15 no space for the other agent to become ad- 



The particular type of bonding agent to be 
used will depend upon the nature of the 
inorganic filler and of the polymerisable organic 
20 liquid. Suitable bonding agents are in general 
substances containing groups which can form, 
a muriplkity of ionic, covalent or hydrogen 
bonds with the particle, and also groups which 
can react to foam bonds with the polymer 
25 matrix. Suitable groups for banding to par- 
ticles having hy d rox y l ic, metal oxide or afiv 
caceous surfaces are, tor example, the ohgo- 
meric hydrolysis products of alkaxy suanes, 
cbkxrosilanes and alkyl titanates as well as the 
*n trivalent chromium complexes or organic 
adds. Where the particle surface is of a base 
character, as for example in the case of par- 
tides of alkaline earth metal carbonates or of 
metals such as aluminium* cfcromium and 
35 .steel, suitable bonding groups are 

add groups. In the case of particles with 
addicWaces, such as those of kaolin, amrne 
salt groups are suitable for bonding to the 
particles* 

40 Groups suitable for bringing about bonding- 
with the polymer matrix are typically those 
which co-react with the polymerisable liqmd 
during the polymerisation stage. Thus an 
interfacM bonding agent, contaming an 
45 ethyienically unsaturated group is suitable for 
use with addition polymerisation systems 
invoking vinyl, vinyfidene and similar unsaw- 
rated monomers. An agent containing an 
amino, an corirane or a carboxyl group is 
50 suitable for use with epoxy-group-conrarnn^ 
compounds. Examples of suitable lnterfacial 
bonding agents indude:— 

Y^methaciyloKypTjpyl tnmethoxy silane 
T^aminopropyl trimethoxyrilane 
55 y-glyddyloxypropyl trimethoxysikne 
vinyl tnethoxysuane 
vinyl triacetoxysilane 
vinyl trichlorosilane 

Acrylic and methacrylic adds and tneir 

50 metal sahs . 

MethEcrylatDchromic chloride 

Maleimidopropionic add 

Sucdrumidopropionic add 

4-Amnnirnethylpipcridine 
65 Tetraisopropyl and tetrabutyl titanates 



The amounts of the interfadal bonding agent 
used are, in general those conventional in the * 
an of polymeric materials reinforced with uv 
organic fillers. A suitable minimum usage for 
moWappKcations is 0.001 g of bonding agent 70 ^ 
per square metre of filler partide surface area. 
If desired, a mixture of two or more inter- 
fadal bonding agents of the types described 
may be used. ^ . ' „ c • 

The curable compositions of the rnvention to 
may incorporate dyestuffs or pigment. These 
corktuents may be dissolved or disr*rsed 
in the complete mixture of the polyrnensable 
liquid, the finely divided inorganic : filler and 
the polymeric dispersant, or, in the case it 80 
pigments, they may be added to that irnxture 
asTpref ormed dispersion in the polymensabie 
liquid which has been prepared with the aid 
of a suitable pigment dispersant^ for example 
a dispersant of the type described m Patent 85 
Spec&cations Nos. 1,108,261 or 1,393,243. 

There may also be incorporated in the 
curable compositions coarse granular "filler" 
particles or coarse fibrous material which are 
dispersed, but hot stably dispersed, in the w 
other constituents. By "coarser is here meant 
that die average diameter of the grannies or 
the fibre strands is at least ten times greater 
than the average diameter of the fhidy divided 
inorganic filler particles as hereinbefore 95 

Under these circumstances, the stable 
dispersion of finely divided particles behaves 
essentially as a fluid towards die coarse par- 
ticles, that is to say the resistance n> motion 
of the coarse particles through the dispersion 100 
is the same as it would be through a pure 
liquid of equivalent viscosity and density. In 
the composite materials obtained by subse- 
quent curing, the polymer produced, together 
with the finely divided particles, constitutes 105 
essentially a binder of high mechanical quahty 
for the coarse particulate material. Because 
there is no interaction between the coarse and 
the finely divided particles, there is no need 
to rnodify the proportion of the latter particles no 
to the polymerisable organic liquid from that 
which would apply in the absence of the coarse 
xnateriaL 

According to another aspect of the present 
invention there is provided a method fir pro- 115 
ducing stable, fluid, mouidable and curable 
conrposirions as hereinbefore defined which 
comprises dispersing, in an organic liquid (A) 
which is polymerisable to form a solid poly- 
mer and which has a viscosity not greater than 120 
50 poise at the temperature at which the com- 
position is to be moulded, finely divided par- 
tides (B) as hereinbefore defined of an in- 
organic filler, in the presence of a polymeric 
dispersant (C) as hereinbefore defined, so that 125 
the filter particles constitute not less than 
20% by volume of the total composition. 

Trie polymerisable organic liquids, the in- 
organic fillers and the polymeric disperaants 
suitable for use in this method are those dis- 130 
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cussed above. It will be understood as before 
that the polymerisable liquid may contain 
some preformed polymer, which may be either 
identical with or different from trie polymer 

5 which is formed by the curing of the poly- 
merisable liquid itself. It will also be under- 
stood, that there may be present^ in addition 
to the polymeric dispersaat, an intcrfacial 
bonding agent as described above. The process 

10 o$ dispersing the particles of the inorganic 
filler in the polymerisable liquid may be 
carried out by any of the techniques commonly 
used in the paint industry for imaHng disper- 
sion of pigments in liquid vehicles, if desired 

15 at a temperature above room temperature. 
Thus, when the filler is already available in 
the required primary particle size, the process 
nay conveniently be one of dispersing the 
particles in the polymerisable liquid, using 

20 techniques such as bead milling, pug milling 
or other methods whereby the dispersion is 
sheared and the particle aggregates thereby 
loosed and wetted out by the liquid. Alter- 
natively, the finely divided particles may be 

25 produced directly in the presence of the poly- 
merisable liquid, or in a liquid component 
thereof, and also in the presence of the poly- 
meric dispersant, by comminution (fractur- 
ing) of coarse, non-colloidal particles. By 

SO such a technique, readily available raw mat- 
erials, such as the coarse sands used in glass 
manufacture, can be utilised, the difficulties 
and hazards of handling fine powders (eg. 
risks of explosion or of diseases such as sOi- 

35 cosis) are avoided, and the degree of drying 
which is required following the normal process 
of manufacture in an aqueous meAmm is 
reduced. In addition, we have surprisingly 
found that the composite materials- obtained 

40 by curing fluid compositions made by this 
particular method, where a non-polymeric 
bonding agent of the type previously discussed 
is also present during the contmmution oper- 
ation, have superior Qualities to those marie 

45 from fluid compositions incorporating the 
same inorganic filler particles made by pre- 
grinding in aqueous media and then drying 
normally at 100°C It is believed that these 
advantages are attributable to (1) the rela- 

50 tively low initial amounts of chemisorbed 
water which are introduced by using coarse 
inorganic particles, (2) the reduced likelihood 
of contamination of freshly created particle 
surfaces by water or other small molecules and 

55 the enhanced opportunity for strong adsorp- 
tion by those surfaces' of the polymeric dis- 
persant and, if present, the interfadal bonding 
agent If desired, however, comminution of 
the inorganic filler material may be carried out 

50 in some suitable non-aqueous liquid other than 
the polymerisable liquid, after which the liquid 
is removed by drying and the particles ate 
then re-dispersed in the polymerisable liquid. 
Comminution of 'coarse material, in the size 

65 range of one hundred to a few thousand 



microns, to yield smaller-size particles, is 
readily carried out by using conventional ball 
mills, stirred ball mills (attritors) or vibratory 
mills? with preferably spherical or cylindrical 
grinding media which are harder and denser 70 
than the filler material, employing ratios of 
grinding media size to average initial particle 
size of 10:1, or up to 100:1, where the poly- 
merisable Kquid is highly viscous- Multi-stage 
processing with different sized media, or die 75 
use of mixed media sizes and shapes, may be 
required to achieve very fine particle sizes 
or special particle size distributions. 

Where the curable compositions are to 
incorporate an interfadal bonding agent, this 80 
may be introduced either during or after the 
process of re-dispersion of the inorganic par- 
ticles in the polymerisable liquid, or 'their 
production by comminution, as the case may 
be. The bonding agent may simply be blended 85 
into the dispersion, but is preferred to ensure 
in someway that the agent becomes associated 
with the inorganic particles. For example, 
where the bonding agent is a salane derivative 
as previously mentioned, it will be advantage- 90 
ous to arrange that sufficient water is present 
in, or is added to, the system to bring about 
complete hydrolysis of the sJlane derivatives; 
this may be assisted by heating and the 
addition of a suitable catalyst, such as 95 
n-alkylamine or a dialkyitin dicarboxylate. 

Curable compositions according to die 
invention exhibit excellent stability on storage; 
any settlement is easily rtriispersecL In cases 
where it is desired to prevent settlement, this 100 
can be achieved by the addition of bentonite 
days, fumed silicas, hydrogenated castor oil 
or other materials as is well-known in the 
paint and colloid arts. 

According to a further aspect of the present 105 
invention, there is provided a process, for the 
production of a multi-component composite 
material comprising an organic polymer 
matrix and a particulate inorganic iemfbrring 
phase dispersed therein and bonded thereto, 110 
the process comprising subjecting to curing a 
curable fluid composition as hereinbefore 
defined so as to convert the polymerisable 
organic liquid component thereof into solid 
polymer. 115 

This aspect of the invention includes the 
production of composite materials by curing 
* mixtures of two or more fluid compositions as 
hereinbefore defined. 

It is a special feature of the invention, as 120 
already mentioned, that the curable compo- 
sitions contain high volume loadings of the 
finely divided particulate inorganic filler and 
yet retain a very low viscosity. For example, 
in compositions containing 50 and 55 volume 125 
per cent of finely divided granular particles, 
relative viscosities of only 10 times and 100 
times that of the polymerisable liquid viscosity 
respectively are attainable. Such relative vis- 
cosities approximate closely to the minimum 130 
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attainable for non-aggregated mono-dispersed 
spheres (cf. J. S. Chcmg, E, B. Christiansen 
and A. D. Baer, J. Applied Polym. ScL, VoL 
15, 2007-^2021 (1971)). 
5 Thus, for a monomer such as methyl meth- 
acxyktE with a,- viscosity of 0J- centipoise^ 
filled dispersion viscosities of 5 centipoise for 
50% by volume and 50 centipoise for 
55% by volume arc attained. In the case of 

10 a, ream/monomer system with a viscosity of 
5 poise, filled dispersion viscosities cf only 50 
and 500 poise, for 50% and 55% by volume 
respectively,, axe possible. 
A further feature of the invention is the fact 

15 that the viscosity of the compositions is low 
even at very low shear rates, Le. die compo- 
sitions are Newtonian or near-Newtonian in 
character at low shear rates and do not have 
aggregated or flocculated filler-induced thixo- 

20 tropy (the compositions may, however, be 
somewhat thixotropic where an anti-settling 
agent such as bentouite has been included, as 
referred to above, or where he polymerisable 
liquid itself has a thixotropic character). 

25 Also because of the fine particle size, there is 
little tendency to settlement in the low vis- 
cosity media during the moulding and curing 
process, aw* no tendency to riflarirmfll cavi- 
tation when the compositions are sheared such 

30 as commonly leads to voiding with coarse 

fillTTriffl. 

For most of the available techniques of 
fabricating the curable compositions, it is pre- 
ferred that the composition should have a 

35 viscosity not greater than 1000 poise under 
tfe temperature and shear conditions under 
which the composition is to be moulded. How- 
ever, for certain applications, viscosities hfghw 
than this limit may be acceptable. On the 

40 other hand, where low pressure moulding 
procedures are to be used, it may be desirable 
for the viscosity of the composition not to 
exceed 100 poise. In general, the adjusment 
of the various parameters such as the viscosity 

45 of the polymensable liquid, the filler loading, 
the size distribution of the filler particles and 
the efficiency and amount used of the poly- 
meric dispersant, in such a way as to obtain a 
curable composition of acceptable viscosity for 

50 any given fabrication technique, wiH readily 
be achieved by those skilled in the art 

These features render possible the fabri- 
cation of articles from the curable composi- 
tions by procedures which cannot be employed 

55 with previously known, fine particle-filled 
comrjositions, because of their high and often 
non-ideal viscosity. 

The presence of the high pr o portion of 
inorganic material furthermore facilitates the 

60 casting of large objects directly from the 
curable fluid compositions at pressures at or 
only slightly above atmospheric; the heat of 
polymerisation generated by the polymerisahle 
liquid during curing is absorbed and dissi- 

65 pared by the filler material. Tins factor sub- 



staniaHy reduces the chance of void formation 
through boiling of monomer, and in cases 
where sufficient inorganic filler is present the 
chance of void formation can be completely 
eliminated, since the temperature rise during 70 
polymerisation will not exceed the monomer 
boiling temperature even if there is no heat 
. loss to the mould, a condition which occurs in 
practice with thick section mouldings. How- 
ever, in those cases where the "heat sank" 75 
capacity of the composition is not sufficient to 
prevent boiling, e.g. when a fast polymerisa- 
tion is initiated at a temperature dose to the 
monomer boiling point, void formation can 
be prevented by bringing about early gelation 80 
of the composition through the introduction of 
a cross- linking reaction into the curing process. 
In the case of a composition based on addition 
polymers, this may be achieved by the presence 
of polyfunctional species comprising part of 85 
the polymerisahle liquid, such as ethylene 
glycol dimethacrylate where the polymerisahle 
liquid is mainly based on methyl methacryiate. 
Alternatively, a separate gelation reaction may 
be introduced, such as die reaction of a poly- 90 
isocyanatB with oligomers containing a plural- 
ity of hydroxy! groups present in the poly- 
merisahle liquid, after which the cure is 'com- 
pleted by a free radical-initiated addition 
polymerisation. 95 

Curing of die compositions of die invention 
can, if desired, be carried out using closed 
m o uld s at greater than atmospheric pressure, 
and fast cures in the absence of any cross- 
l i nk in g reaction are then possible without boil- 100 
ing of monomer, but this involves expensive 
equipment and is not convenient with very 
large mouldings. 

A number of methods can be used for fabri- 
cating articles, from the curable compositions 105 
of the invention. They can be moulded simply 
by casting the mixture into moulds . and 
iriitiaring the polymerisation. Sheets, rods, 
beams and other convenient shapes can thus 
readily be obtained. Initiation may be faired hq 
by heat-activated catalysts, or by addition of 
catalysts immediately prior to moulding where 
curing at room temperature or lower tempera- 
tures is required. A preferred modification of 
the simple casting technique is to inject the 115 
curable, fluid composition under low pressure 
into closed, matched moulds; pressures of less 
than 10 p.s.L, are required for this process 
and hence cheap, light-weight moulds can be 
used and mouldings of very large surface area 120 
are practical, whereas much higher pressures 
are normally required for conventional filled 
compositions. A further variant of this tech- 
nique is" to fill the mould with fibre strands 
before infecting the dispersion into the mould 125 
so that it permeates through the fibre strand 
mesh ("resinjecrion"); again only low pres- 
sures are required and large surface-area 
moiiidings are feasible, Whilst die injection of 
reactive resins into dosed moulds filled with 130 
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fibre strands is known, together with the 
associated advantages, eg. the avoidance of the 
difficulties of moulding fibre/resin dispersions, 
better repro&xability than is possible with 

5 hand layup and the production of two 
good faces with the potentiality of moulding 
in bosses and ribs, fa has not heretofore been 
practical as a process for highly filled com- 
positions. The fitted compositions known prior 

10 to this invention have either been of too high 
a viscosity or have contained coarse or aggre- 
gated particles which are filtered out by the 
fibre mesh; both of these effects create a h igh 
back pressure which prevents the mould from 

15 being filled. Many of the compositions of the 
present invention are, however, very low in 
viscosity and they also contain finely divided 
nan^aggregated particles; they are, therefore, 
able to pass through and wet out the fibre 

20 mesh. 

The fibres for use in this process can be 
either organic textile or inorganic fkg. glass 
or metal), or a mixture of these. They are 
most conveniently introduced into the mould 

25 in mat fonn, although loose chopped strands 
and sprayed-up preforms, bound with a small 
amount of resin, can also be used In general 
the fibre mesh should contain a major propor- 
tion of pores which are 5 times greater, prefer- 

30 ably 10 times greater, in diameter than the 
average filler particle size. This condition is 
most readily atfninfri for fibre volumes up 
to 40% by using fibre meshes made up of 
fibre strands of thicknesses which are at least 

35 5 times, preferably at least 10 times, die filler 
particle size. Suitable fibre meshes of this type 
are commercially available; in the case of glass 
fibres, these are obtainable as muiti-fibrillar 
strands containing from 20 to 1000 of 10 

40 micron fibrils per strand. Meshes made up of 
fibres which have a diameter the same as, or 
less than, that of the particles can also be used, 
but only at lower fibre volumes. 
Composite materials which contain fibres 

45 can also be made by conventional techniques 
such as hand layup and press-moulding of 
mixtures of the curable compositions ami 
chopped fibre mixtures. Here again -die low 
viscosity can be an advantage, leading to low 

50 moulding pressures and ease of wetting and 
de-aeration. 

Composite sandwich mouldings can be made 
with advantage by the injection technique. 
Thus, one can totally encapsulate a core mat- 

55 erial which can be, for example, a low density 
foam, the combination of which with a skin 
of the high modulus, high strength composites 
of this invention produces light-weight, very 
stiff and strong structures. The core is placed 

60 in the mould which is then closed and the 
curable, fluid composition is injected around 
it Fibre mats may also be placed in the mould 
along with die core; these serve to locate the 
core in the mould and subsequently to toughen 

65 the skins of the finished moulding. 



Core encapsulation can also be carried out 
by spreading the fluid composition on either 
side of the core before placing it in a mould 
and then closing the mould so that excess 
Kquid is squeezed out Fibre mats can also 70 
be placed on either side before placing in the 
moid. . 

Another type' of sandwich moulding is that 
in which the compositions of this invention 
are bonded during die curing operation to one 75 
side of a preshaped sheet or shell moulding. 
For example, a shell moulding is vacuum 
therm oformed from a plastic sheet, a matched 
mould is placed behind it so as to fonn a 
sealed cavity, the curable composition is 80 
injected into the cavity and then cured; in 
this way a composite article is obtained in 
which the cured composites material of this * 
invention is bonded to one side of the pfestic. 
By this means a thin plastic moulding can be • 85 
ri gidi s cd and reinforced, whilst combining the 
simplicity of vacuum-forming of thermo- 
plastics with the convenience and ease of the 
low pressure injection of the compositions of 
this invention. 90 

The curable compositions of the invention 
can also be rotationaily moulded to. obtain 
complex hollow shapes and pipes; the fluid 
composition! is placed in a mould and the 
mould is rotated on one or more axes, depend- 95 
ing on the complexity of the article, whilst 
curing is effected. Again, because of the 
absence of any boiling of monomer, the ease 
of de-aeration and good flow characteristics 
of the fluid composition, flaw-free moldings 100 
o f lar ge size can readily be *pfl <fe. Optionally 
fibres can also be introduced into the mould. 

The cured mouldings as described above 
can, if desired, be further fabricated by 
machiiiing and bonding. We have also sur- 105 
prisingly found that the cured composite 
materials of this invention can be thexmo- 
f ormed and are capable of large 
without fracture at a temperature above the 
glass transition of the matrix polymer, where 110 
it is amorphous, or above its mrfririg; point 
where it is crystalline. Heated sheets can fr-hiTK 
be formed into shapes by application of posi- 
tive or negative pressure to die sheet to draw 
it into a mould. Conventional composite mat- 115 
erials which contain coarse, poorly bonded, or 
aggregated particulate fillers usually whiten 
and fracture at low deformations and cannot 
normally be thertnofonned in this way* 

In all the above fabrication processes it is 120 
advantageous u> use internal or external release 
agents, to prevent adhesion of the cured com- 
posite materials to the mould and to obtain 
a good surface finish. The techniques are 
well-known in the art. Examples of internal 125 
release aids include alkali metal or alkaline 
earth metal salts of fatty acids and adkyl phos- 
phates and their neutralized derivatives. Suit- 
able external release agents include poly- 
(tetrafiuoroethylene), silicone and polyvinyl 130 
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alcohol coatings on the moulds. 

Multi-component composite iwamriafr ms*A*> 
according id the preferred embodiment of the 
invention, in which the polymer matrix at»H 
5 the inorganic particles arc strongly bonded 
together, exhibit an unexpected *-nn valuable 
combination of mechanical and physical pro- 
perties, inasmuch as {contrary to accepted 
practice) not only the stiffness but also the 

10 strength continue to increase as the concen- 
tration of inorganic particulate phase is raised 
right up to the maTimiim levels hereinbefore 
indicated His impact strength of the matrix 
polymer is also largely retained and in certain 

15 cases enhanced. The cured composite materials 
have very good abrasion resistance if particles 
of a high Moh hardness, such as quartz and 
alumina, are used. They are also substantially 
more fire-resistant than unfilled polymers, and 

20 even when they burn their contribution to the 
total fire load is small and the flame size and 
rate of propagation is low. Compositions with 
an especially high resistance to fixe may be 
obtained by using finely divided fillers which 

25 wholly or in part contain hydrated water 
which is released on heating, e.g. aluminium 
oxide trihydrate and calcium sulphate hemi- 
. hydrate. 

Produc ts in which the c om p o sit e materials 

30 incorporate coarse fibres, as hereinbefore des- 
cribed, are r ender ed significantly tougher. The 
use of a coarse granular constituent makes it 
possible to produce a composite product 
having an inorganic content in excess of 95% 

35 w /w which, winlst being lower in strength than 
the unmodified matrix polymer, is significantly 
stronger and more abrasion-resistant than a 
conventional hydraulic cement. 
As is evident from the range of mechanical 

40 properties and the potential fabrication pro- 
cesses hereinabove described, the composite 
materials of the invention are suitable for a 
very wide range of uses. 
Articles which take advantage of the good 

45 surface finish, abrasion resistance, ease of pig- 
mentation and fire resistance obtainable in- 
clude work t surfaces, decorative wall tiles, 
cabinet furniture, occasional tables and sani- 



tary ware. Articles which utilise the high stiff- 
ness and strength of the composites and the 50 
ease of fabricating large, thin shell mouldings 
by the "rejection" process are, for cramp i e, 
vehicle bodies, baths, boats and chair shells. 
Articles which can be made by rotational 
moulding include pipes, silos, vehicle bodies, 55 
toys and storage tanks. 

The invention is illustrated but not limited 
by the Mowing Examples, in which parts and 
percentages are by weight unless otherwise 
stated. The curable compositions are, except 60 
where otherwise stated, cast as approximately 
5-mm thick sheets; the flexural modulus and 
strength of the products are determined at 
25°C by three-point bending, the beam length 
being 1&16 cm and the rate of bend 5mm/ 65 
mitu The impact strengths are all determined 
at 25 Q C using the Chaxpy Impact Testing 
Machine as described in BjS. 2782: Part 3, 
Method 306D (1970). The abrasion resistance - 
is determined by means of a Taber Abrader 70 
(Taber Instrument Corp.), using CS10 discs 
and a lOOOg load for 1000 cycles in each test 
The sample is weighed before and after the 
test and the weight loss per 1000 cycles is 
recorded. The particle size distributions are 75 
determined by well-known Coulter counter 

Example 1. 

This Example illustrates the production of 
a fluid, curable composition from methyl go 
methacryiaxe- and. quartz silica, using as poly- 
meric dispersant an acrylic copolymer in 
which quaternary ammonium groupings' effect 
anchoring to the surface of the particles. 

A finely divided dry-ground and air- 85 
-classified quartz silica (Minusil 5 (Registered 
Trade Mark), ex Pennsylvania Glass Sand 
Corporation) with a surface area as deter- 
mined by nitrogen adsorption of 5*0m*/g 
(13.0mycc: density, 2.60g/cc) and a panicle 90 
size distribution as follows: — 

Particles of '10 microns or less 99599% by 

by number (97.5% by weight) 
Partcfles of 50 microns or less — (100.00% 

by weight) 
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is dispersed in methyl methacrylate (contain- 
• ing 100 rxpjn. of Topanol A* inhibitor) in 
the presence of 1.7% by weight based on the 
silica of a copolymer dispersant methyl mem- 

5 acrylate 814 parts, ethyl acrylate 9.6 parts, 
dimethyl ammo-ethyl methacrylate 4.8 pans, 
quartermsed with benzyl chloride 42 parts) 
baying as determined by gel permeation 
chromatography (G.P.C) 20,000, and in the 

10 presence also of 1.8% by weight based on the 
silica - of y-methacryloxypropyl trimerhoxy- 
silanej to- give a very fluid iwrirflooculaTjed 
dispersion (Ford No. 4 cup viscosity at 20°C 
less than 15 sees.). The dispersion contains 

1 5 67% by weight of silica, 

100 parts by weight of this dispersion is 
heated to 10O°C arid then cooled to room 
temperature, 0.6 part by weight of Perkadox 
Y16** is added (2% by weight on the mono- 

20 mer). The initiated dispersion is cast in a 
flat plate mould lined with MeiKnex*** film 
and heated for 2 hours at 50°C and 2 hours 
at 80°G The finished casting is very glassy 
and flawless, contains 50% by volume of silica 

25 and has a flexural modulus of 12.6 GN nr*, 
flexural strength 110 MN mr* and Charpy 
unnotched impact strength of 6.0 KJ mr 2 . 
Example 2. 
Example 1 Is repeated but with an increased 

30 level of silica. Thus by using the same ingredi- 
ents as before but less methyl methacrylate a 
69% by weight dispersion is made which has 
a Ford No. 4 cup viscosity at 20°C of 19 
sees. It is cured as described in Exampel 1 and 

35" gives a flaw-free, glossy sheet, with a sSica 
volume of 52.5%, a fiexural modulus of 12.4 
GN xn~* and a flexural strength of 110 MN 
art 

Example 3. 

40 Example 2 is repeated but omitting the 
silane derivative, A fluid dispersion is obtained 
having a Ford No. 4 cup viscosity at 20°C 
of 16 sees. When cured as described in 
Example 1 a flaw-free glossy sheet with a 

45 silica volume of 52.5% is obtained which is 
somewhat weaker and more brittle than that 
obtained in Example 2; 

Example 4. 
In this Example, the polymeric dispersant 

50 of Examples 1—3 is replaced by a different 
acrylic copolymer in which carboxyiBc add 
groups are present to effect anchoring to the 
silica particles. 



*"Topanor A is a Registered Trade Mark 
of Imperial Qiemical Industries Limfrrri for 
2/Wmiethyi-6^tm-butyl phenol. 

♦♦"Perkadox" Y16 is a Registered Trade 
Mark of AKZO-Novade! for bis(4-tert-butyl- 
cyclohexyi) percxydi carbonate. 

***"MeHner" is a Registered Trade Mark 
of Imperial Chemical Industries T Anted for 
an biaxially orientated poly(ethylene tereph- 
thalate) sheet 



Example 1 is repeated except that the dis- 
persant used in that Example is replaced by 55 
3.4 parts by weight based on the siUca of a 
copolymer dispersant (methyl methacrylate 98 
parts methacryiic acid 2 parts), having Mw 
(G.P.C.) il0,000. A fluid dispersion is 
obtained. The finished casting is glossy and 60 
flaw-free and has a flexular modulus of 10.4 , 
GNrrr-*, a flexural strength of 127 MN mr* 
and a Charpy impact strength of 65 KJ mr 1 . 

Comparative Examples A— F. 
To illustrate the importance of having 65 
present a polymeric dispersant,. the attempted 
preparation is shown of a number of composi- 
tions using the same quartz silica in the same 
concentration as before, but either omitting 
the polymeric dispersant altogether or replacing 70 
it by a conventional dispersing agent. 

Comparative Example A. 
The quartz silica as described in Example 
1, (67 parts by weight) is sheared into 33% 
by weight of methyl methacrylate, A powdery 75 
cake is obtained having no fluidity at alL 

Comparative Example B. 
The quartz silica as described in Example 
1 (67% by weight) is sheared into a mixture 
of 31.2% by weight of methyl methacrylate 80 
and 1.14% by weight of y-methacryloxypropyl 
trimethoxysilane (1.7% by weight on silica). 
A very thick, flocculated mixture is obtained, 
which cannot be cast. It is pressed into a mould 
and cured as described in Example 1 to give 85 
a c rac ked and flawed sheet. 

Comparative Example C 
The quartz silica as described in Example 
1 C°"7% hy weight) is sheared into a mixture 
of 30 parts of methyl methacrylate, 1.14% by 90 
weight of y-rnethacryloxypropyl trimethoxy- 
silane and 1.2% by weight of sodium stearate. 
A thick flocculated mixture is produced which 
cannot be cast and which when pressed into a 
mould and cured as in Example 1 produces 95 
a cr a c k ed and flawed casting. 

Comparative Example D. 

Comparative Example C is repeated, re- 
placing the sodium stearate with a nonyi 
phenol/ethyleneoxide condensate. 100 

A flocculated mix and a cracked and flawed 
casting result. 

Comparative Example ■ E. 

Comparative Example C is repeated, re- 
placing the sodium stearate with cety! pyridi- 105 
nium bromide. 

A flocculated mix and a cracked and flawed 
casting result. 

Comparative Example F. 
To illustrate the improved mechanical pro- 1 10 
perries of the filled compositions described in 
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TfaflTTipIgfl 1—4, as compared with the pro- 
perties of die matrix polymer, the methyl 
methacrylate used in Irampfo 1 is polymer- 
ised under the same conditions as are des- 
5 cribed ia that Example. The polymer obtained 
has a flexural modulus of 3.0 GN nr*, a 
flexural strength of 100 MN mr 2 and an 
impact strength of 6—8 KJ mr* 

Examples 5 — 1L 
10 In this series of Examples dispersions of 
finely divided o-quartz silica are made by 
ocffliminntkm. (fracturing) of coarse silica 
glass sand in the monomer. 

Example 5. 

15 312 Grams of coarse glass-making quartz 
sand (Harrison Meyer 44431), 80—86% by 
weight of which has a particle size lying be- 
ween 150 and 420 microns, 133 grams of 
methyl methacrylate, 0.45 grams (0.15% by 

20 weight on silica) of y-memylacryloxypr^tyl 
trimethoxysilane and 2.8 grams of copolymer 
cHspersant- (98:2 methyl methacrylate/merh- 
aayiic acid copolymer of XL 110,000 • 
(GJP.C)) are charged together with 1,050 

25 grams of f" steatite balls to a two gallon ball- 
mill. The ratio of the charge to voids between 
the balls is 1/1. The miU is rotated an 60 
r.pjn. for 24 hours. After separating the balls, 
a dispersion consisting of 73% by weight of 

30 finely divided quartz silica in the monomer is 
obtained which has a Ford No. 4 cup viscosity 
of 58 sees. ar20°C and a viscosity of 0.4 poise * 
at a shear rate of 20 seer 1 and 25°C The 
parade size distribution of the quartz so ob- 

35 tainedis as follows: — 

Partidea of io microns or less 99.7% by 

by number (55.0% by weight) 
Particles of 50 microns or less — (100.0% by 

weight) 

40 The surface area of the sand after comminu- 
tion is about 2 m*/g (5.20 m*/cc; density 
2.60 g/cc); the surface area before amnninu- 
tion is less than 0.10 m s /g. 
To 173.7 grams of the above dispersion is 

45 adde d 153 grams of methyl methacryiate and 
1.18 grams of Perkadox Y16 initiator (2% by 
weight on total monomer). Hie dispersion is 
then cast and cured as described in Example 
1. A glossy, flaw-free sheet containing 67% 

50 by weight (50% by volume) of silica is ob- 
tained; its mechanical properties are given in 
Table 1. ' ■ 

Example 6. 
The comminution process described in 
55 Examp le 5 is repeated but omitting the sflane 
derivative. A fluid dispersion of 73% by 
weight of colloidally fine silica in methyl 
methacrylate, having a similar viscosity and 
panicle size range to the dispersion of 
60 Example 5 is obtained. To 1733g of this dis- 



persion is added 153g of methyl methacrylate 
and L8g of Perkadox Y16 initiator. The dis- 
persion is then cast and cured as described in 
Example 1. A gloss flaw-free sheet contain- 
ing^ by weight (50% by volume) of silica 65 
is obtained, the medaracal propert i es of which 
are shown in Table L 

Comparative Example G. 
The comminution process described in 
Example 6 is repeated but omitting the co- 70 
polymer stabiliser. A flocculated mixture which 
cannot be separated from the steatite grinding 
media is obtained 

Example 7. 

To 173.7g of the dispersion prepared as des- 75 
cribed in Example 6 is added 153g of methyl 
methacrylate, LUg of Perkadox Y16 initiator 
and 0.19g of T^nethacryloxypropyi trimeth- 
oxysilane (0.15% dry weight on the silica). 
The dispersion is allowed to stand for 24 80 
hours, then cast and cured as described in . 
Example 1 to produce a glossy flaw-free sheet 
containing 50% by volume of silica and having 
mechanical properties as reported in Table 1. 

Example 8. 85 
Example 7 is repeated except mar the dis- 
persion is heated in the presence of the azfane 
derivative to 100° C for 5 rains, and then 
cooled to room temperature before ad ding the 
i nitia to r and curing A glossy, flaw-free sheet 90 
containing 50% by volume of silica and having 
the mechanical properties reported in Table I 
is obtained. 

Example 9. 

Exarople 7 is repeated but with 0.050g of 95 
n-propyi amine added. The mechanical pro- 
perties of the cured product are reported in 
Table L 

Example 10. 
1560 Grams of the coarse silica sand des- 100 
cribed in Example 5, 600g of riistfiip^ water 
and 1-2 g of sodium hydroxide are charged to 
a 1 gallon ball rmll along with 5,300g of 
steatite baHs. The ball mill is rotated for 24 
hours as in Example 5 and when the balls are 105 
separated from the charge a fluid dispersion of 
fine silica sand in water is obtained. The silica 
has a particle size and surface area after com- 
munition similar to the values recorded in. 
Example 5. The dispersion is then treated with 110 
°- I 5% by weight of the sand of y-merhacryl- 
oxypropyl trimethoxysilane as a 5% solution 
in water, the pH of which has been adjusted 
to 3.5 with acetic acid. The dispersion is air- 
dried overnight and then dried in an oven at 115 
185°C for 2 hours. To 312g of the dry sflane- 
treated silica so obtained is then added 149g 
of methyl methacrylate monomer and 2.8g of 
the copolymer dispersant described in Example 
5. The dispersion is sheared for 1 hour to 120 
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redisperse the particles end a fluid, stable mechanical properties reported in Table L 
dispersion is obtained. This dispersion is then Example 11. 

initiated^ cast and cored as described in Example 5 is repeated but using 4Jg of 

Example 1 to give a flaw-free sheet containing 7-axmnoprop54trimethoxysilane instead of the 

5 50% by vojume of silica and having the y^edwcryio^propyl trirneifwxysaane. 10 



TABLET 





Type of composition 


Flex, 
mod. 
•ONm** 


Flex. 
Strength, 
MNnT 1 


Charpy 
impact strength, 
KJnT 1 


Example 5 


Silane derivative added 
before comminution. 


12,5 


114±6 


6.8 


Example 6 


No silane derivative. 


12.0 


60±3 


2.5 


Example 7 


Silane derivative added 
after comminution* 


12.0 


78±5 


3.9 


Example 8 


Silane derivative added 
after comminution, with 
subsoauent heat inn 


13.0 


120+4 


6.4 


Example 9 


Silane derivative added 

tXL LQ1 VWUnUnUUvu VY t LLi 

n-propyl amine catalyst. 


13.0 


120+9 


63 


Example 10 


Sand comminuted in water, • 
treated with silane deriva- 
tive, dried then redispersed 
in- monomer. 


12.0 


73+4 


3.7 


Example 11 


Different silane derivative 
used from that of Examples . 
5-10. 


13.0 


74 


1.8 


Comparative 
Example F _ 


Unfilled polymer matrix. 


3 


100 


6-8 



In the above Table, the results of Example 
5 illustrate the efficacy of adding die inter- 
facial bonding agent during the comminution 

15 step along with the polymeric dispersanr, as 
compared with merely adding it after com- 
minution (Example 7) ox pretreating the 
aqueous-comminuted silica (Example 10). 
Examples 8 and 9 illustrate the advantages of 

20 heat and catalytic treatment to promote utilisa- 
tion of the interracial bonding agent. The rela- 
tively poor properties of the product of 
Example 11 illustrate the importance of select- 
ing an interfacial bonding agent which can 
* 25 react with the polymer matrix; Example 6 
shows that omission of added bonding agent 
leads to a similar- result. 

Comparative Examples H— L 
This pair of Examples illustrates the impor- 
30 tance of using finely divided particles of the 
inorganic tiller. 

Comparative Example H. 
The coarse silica sand (average particle size 



250 microns) of Example 5 is admixed with 
the methyl rnethacrylate, silane derivative and 35 
polymeric stabiliser described in that Example 
to give a shiny containing 67% by weight of 
silica which settles too rapidly for casting to 
be possible. In order to obtain a sample for 
. comparison, the sand is Brurried in a syrup of 40 
7.8 parts of poly(methyi methacrylate) and 
512 parts of methyl methacrylate, together 
with the silane derivative and polymeric dis- 
persant described in Example 5. Hie syrupy 
slurry so obtained is heated to 100°C for 5 45 
ruins., cooled and then initiated and cast as 
described in Example 1. The mould is rotated 
during curing to prevent settlement. The cast- 
ing so obtained has' a rough surface- due to the 
presence of the coarse particles of silica. The 50 
mechanical properties of the product are 
reported in Table TL 

Comparative Example L 
A ball mill is charged with coarse sand, 
monomer and other ingredients as described in 55 
Example 5, but the mixture is comminuted for 
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2 hours only instead of for .24 hours. A slurry 
which has particles with the following distri- 
bution of sizes is obtained: — 

particles trf 10 rninrms or less 98% by number 

(7% by weigit) 
Parades of 50 miaous or less — (29% by 

weight) 

Particles of 100 microns or less — (55% by 
weight) 

Particles of 250 microns or less — (96% by 
weight) 

The surface area of the particles as determined 



by nitrogen adsorption is 0.16m*/£. Since the 
shiny settles too rapidly for direct casting; 
poly (methyl methacrylate) is added and 1 5 
methyl methacrylate monomer evaporated off 
to make a handleable syrup, in which the poly- . 
met to monomer ratio by weight is 1 to 6,6. 
The syrupy slurry is then heated to 100° C 
for 5 minutes, cooled, initiated, cast as in 20 
Example 1 and cured in a rotating mould to 
prevent settlement. The finished sheet has a 
rough surface due to the presence of the coarse 
pand particles. The mechanical properties of 
the product are reported in Table IL 25 



TABLED 





Particle size 
(% hy weight) 


Flex 
Modulus, - 
GNnT 3 


Plex 
strength, 
MNnT 2 


Impact 
strength. 
KJmT* 


Example 8 


55% < 10 microns 
100% < 30 microns 


13.0 


120 


6.3 


Comparative 
Example I 


55%<100 microns - 
96%<i50 microns . 


10.9 


71 


3.2 - 


Comparative 
Example H 


50%<2Q0 microns 
99%<450 microns 


9.7 


37 


2.4 



30 



35 



The above compositions illustrate that, in 
addition to the problems of manipulating 
coarse panicle slurries, markedly inferior 
mechanical properties result from the nse of 
coarse particles, as compared with the proper- 
ties of products of the invention as exemplified 
hy Example 8. 

Examples 12, 13 and 14. 

The procedure of Example 5 is repeated 



except that the. concentration of sflane deriva- 
tive is increased to 1.5% by weight on silica. 
Before curing, the methyl methacrylate con- 
centration is adjusted so mat the final silica 
concentrations in the cured castings are 50%, 
55% and 60% by volume (67%, 72% and 
78% by weight) respectively. The mechanical 
properties of the cured products are reported 
in Table IEL 



40 



TABLE in 



Example 


%.vol. * 
silica 


Flex. 
Mod. 
GN nf 2 


Flex. 
Strength, 
MNnT* 


Impact 
Strength, 
KJ m~ 2 ' 


Taber abrasion; 
weight removed in 
mg/1000 cycles 
at lOOOg weight. 


12 


. 50 


12 


128 


6.3. 




13 


56 


14.8 • 


135 


6*1 




14 


60 


15.3 


150 


6J 


- 13 


Comparative 
Example F 


0 . 


3 


100 


6-8 


99 



50 



The above results-illustrate how the mechani- 
cal properties of the cured composites continue 
to increase as the panicle volume increases. 
Furthermore, the abrasion results WiVatg a 
7-fold improvement over the base polymer. 



Comparative Tframplr J. . 
An attempt to produce a composite material 
according to the procedure described in 
Examples 12 — 14 at a 60% volume fraction 
of silica, employing the silane derivative but 55 
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omitting the polymeric dispersant, results in 
a ciacked and flatted casting. 

Example 15. 
Following a similar comrninnrrion process to 
5 that of Example 5/ 2726.50g.of coarse j8- 
cristobatite silica sand,, average size 200 
microns 903.85g of methyl methacrylate (con- 
taining 100 p<pjn. Topanol A), 7.81g of 
7-rnethaayli«yptopyl trimethoxy silane and 
iO 57£9gof the?8:2ineihylmeihacr^^ 

acrylic acid copolymer dispersant described in 
Example 5 arc charged to a 2 gallon ball mill 
with 9,700g of steatite baHs, The mail- is 
rotated flor 24 hours at 60 r.pm and then 
15 25432g of rutile titanium dioxide pigment 
is adde d i The mill is rotated for a further 4 
hours, then the dispersion is separated from 
the balls. The fluid dispersion contains 77,8% 
by weight cristobalite silica and pigment par- 
20 tides; the particle size distribution after com- 
minution is:— 

Particles of 10 microns or less 99% by number 

(70% by .weight) 
Particles of 50 microns or less — (99% by 
25 wdgjit) 

Particles of 75 microns or less — (100% by 

weight) 

The surface area of the particles is within the 
range hereinbefore defined. To 309 parts of 

30 ft* dispersion is added 1.18 parts Perkadox 
Y16 initiator and then 9.64 parts of methyl 
methacrylate is evaporated. The dispersion is 
cast in to a stainless steel sheet mould which 
is coated with a release agent, and then cored 

35 as described in Example 1. A glossy, flaw-free 
sheet containing 64% by volume (81% by 
weight) of silica and rutile particles is ob- 
tained. The mechanical properties of the pro- 
duct are;— 

40 Flexural modulus, 16.06 GN mr 8 ; Flexural 
strength 139.7 MN nT 8 ; impact strength 4.9 
KJm-» 

Examples 16—17. 
In these Examples, the dispersion of the 
45 inorganic filler in the polymeasable liquid is 
stabilised by the formation "in situ" of the 
cafcnwn salt of an acidic copolymer dispersant. 

Example 16. 
. A mixture of 1333.5g of coarse jff~cristo- 

50 balite sand, as described in Example 15, 3.82g 
of y-methacryloxypropyl trim nfhnxyaflane, 
120g of rutile titanium dioxide, 14.15g of a 
25:1 molar ratio copolymer of methyl meth- 
acrylate and methacryiic acid of molecular 

55 weight within the range hereinbefore denned, 
0.36g (1 molar equivalent on add present in 
copolymer dispersant), of calcium oxide, 
556 Jg of methyl methacrylate (containing 100 
p.p.m. Topanol A) is charged to a 1 gaHon 

60 ball mill together with 5 3 200g of steatite balls 



and die mill is rotated for 24 hours to yield 
a dispersion conmining 73% by wdght of 
particles having a particle size distribution and 
surface area similar to those of Example 5. 
The dispersion has a BrookfieM viscosity at 65 
2 r.p.m- and 20*C of 0.8 poise. A similar dis- 
persion made without the calcium oxide has 
a viscosity of 33 poise at 2 r.pjn. To 280 i>arts 
of the fa^-described dispersion is added 24 
parts of methyl methacrylate and 2.0 parts 70 
of Perkadox Y16 initiator; at this stage the 
Brookfidd viscosity is 02 poise. The disper- 
sion is cast and cured as described in Example 
1, to yield a glossy sheet containing 50% by 
volume of silica and rutile and having the 75 
following mechanical properties: — f 

Flexural modulus, 1Q.55 GN mr*; Flexural 
strength, 113 MN m"*; Impact strength, 
5 KJ nr* 

. Example 17. 80 
- To 280 parts of the ban-milled dispersion 
described in Example 15 is added 2232 parts 
of a 45% by weight solution of a 90:10 weight 
ratio, methyl methacrylate/butryJ acrylate co- 
polymer in methyl methacrylate monomer, and 85 
a further 1.78 parts of methyl methacrylate 
' monomer together with 1.8 parts of Perkadox 
716 initiator. At this stage the BrookfieM vis- 
cosity of the dispersion is 53 poise at 20 r.pjn. 
and 20°C. 90 

The dispersion is cast and cured as des- 
cribed in Example 1 to yield a glossy sheet 
containing 50% by volume of salica and rutiie, 
and having mechanical properties as follows : — 

Flexural modulus, 10.80 GN mr 1 ; Flexural 95 
strength, 112 MN nr 8 ) Impact strength,' 5 
KJ nr** 

Example 18. 
The following are charged to a 25 gallon 
ban mill containing 60% by volume of f" 100 
steatite balls:— 

Coarse cristobalite sand (as 

described in Example 15) 2609 parts 
Methyl methacrylate (conmining 

100 p.pjn Topanol A) 1045 parts 105 

95:5 weight ratio copolymer of 

methyl methacrylate and di- 

metfhylaminbethyl methacrylate, 

R, 50,000 (GJP.C) 26S parts 

7-methacryloxypropyl trhnethoxy- 110 

ailane 7.1 parts 

distilled water 1.5 parts 

The ratio. of the volume of the charge to 
voids, between the balls 1/1. 115 

The mill is rotated at 60 r.pjn. for 6£ 
hours, a dispersion being obtained in greater 
than 98% yield having a cristobalite particle 
size distribution and surface area similar to 
those of Example 5. It contains 70% by weight \20 
(50% by volume) of finely divided cristo- 
balite and has a Brookfidd viscosity at 2 r.p.m. 
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and 20° C of 0.05 poise. Evaporation of some 
of the methyl mfthaoylate gives a 78% by 
weight (55.6% by volume) dispersion having 
a viscosity of 0.40 poise. 

5 To the 70% weight solids dispersion, is 
added as internal release agent 0.15% by 
weight on die dispersion of an aBcanoJamine- 
neutralised fatty add phosphate known com- 
mercially as Zelec MB (du Pont) and 2% by 

10 weight on the methyl methacrykte of Perka- 
dox Y16. The dispersion is cast in a glass 
plate mould and cared as described in 
KTffifTiple 1. A glossy, flaw-free sheet conmin- 
i&g 54% by volume of silica is obtained, hawing 

15 the following mechanical properties:— r 
Flexural modulus, 12.1 GN m~*; Flexural 
strength, 140 MN mT»; Impact strength, 8.0 
KJ m-». 

Example 19. 

20 To a quart mill is charged die following; — 

Coarse tunnd-calcined kaolin, 
average particle size 200 microns 
(Molochta? 60— SO)* 324 g 

methyl xnethacryke (100 p»pjn, 
25 Topanoi A) 113 g 

y-mrrharTyloxypiiopyl trirnfihoxy* 

salane 0.46 g 

9 8 : 2- copolymer of methyl meth- 
acrylate and methacr^ic acid, 
30 M» lOCyXX) (GJP.C.) 2J& g 

f" steatite balls 1.050 g 

The mill is rotated for 24 hours at 90 npa. 
to give a fluid dispersion containing 7631% 
by weight of finely divided calcined kaolin. 
35 The final particle size distribution of the dis- 
persion is; — 

Particles of 10 microns* or less 99.5% by 

number (70% by weigjn) 
Particles ofi 50 microns or less — (93% by 
40 weight) 

Particles of 75 microns or less— (97*5% by 
■) 
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Parades of 100 microns or less — (100.0% 
by weight) 

The surface area of the particles is within die 
range hereinbefore defined. The dispersion is 
diluted with farther methyl methacrylate, initi- 
ated, cast and cured as described in Example 1 
to yield a flaw-free sheet containing 50% by 
volume of inorganic panicles and having the 
following mechanical properties;— 

Flexnral modulus, 13.6 GN nr - *; Flexural 
strength, 130 MN mr 1 ; Impact strength, 6.6 
KJ mr*. 



♦'Molocbite* is a Registered Trade Mark 
of English China Clay Limited for a mixture 
of 56% mullitc and 44% amorphous silica. 



| " steatite ball 



5200 g 



60 



Example 20. 
To a 1 gallon ball null is charged the 
following:^ 

Qaarse alumina trihydrate (80% 
>BS sieve 300; combined water 
34% by weight, free water 0% 
by weight) 1452 g 

y-methacryloxypropyl trimetbaxy- 

saane * 3.8 g. 

dispexsant copolymer as described 

in Example 19 14.16 g 65 

Methyl methacrylate (100 p\pjn. 
TopanolA) 556.84 g 

lis 



The mill is rotated for 10 hours at 60 r.jwn, 
to yield a finery divided low viscosity disper- 70 
sion containing 72% by weight of alumina 
trihydrate in methyl methacryiate; the sliTTnina 
trihydrate particles are of a size and surface 
area within the ranges hereinbefore rififjufri. 
The dispersion is initiated, cast and cured as 75 
described in Example 1 to yield a glossy, flaw- 
free sheet with -die following mechanical 
properties: — 

Flexural modulus, 13.8 GN mr*; Flexural 
strength, 80.7 MN tor*; The sheet does not 80 
catch fire when placed in contact with a bun- 
sen burner fl**™** for one minute. 

Example 21. 
The pro cedure of Example 5 is repeated, 
but with the following reactants charged to 85 
die mffi: — 

Coarse jS-cristobalite sand as 

described in Example 15 2478.6 g 

RutQe titanium dioxide pigment 223 XX) g 
Methyl methacrylate (100 p.pan. 90 

Topanol A) 1045 g 

T^methacryloxypropyl trimethoxy 

sflane ~ " 7.1 g 

Dispexsant copolymer as described 

in Example 19 263 g 95 

f" steatite bails 9,700 g 

After rotating the mill for 24 hours, a dis- 
persion of 73 .5% by weight of crismbalite and 
ruffle in methyl methacrylate is obtained, * 
having a Brookfield viscosity of 3.5 poise at 100 
20° C and 20 r.pjn. The panicle size distri- 
bution of the dispersion is as follows: — 

Particles of 10 microns or less 99.7% by 

number (80.0% by weight) 
Particles of 50 microns or less — (95 5% by 105 

weight) 

Particles of 75 microns or less — (100.0% by 
weight) 

The surface area of the particles is within the 
range hereinbefore defined. After diluting the 110 
dispersion with further monomer to a Brook- 
field viscosity of 0.4 poise at 20 r.pjn. and 
20°C, and initiating and curing as described 
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in Example 1, a sheet containing 50% by 
volume of criatobalite and nitale is obtained. 
The mechanical properties are:— 
Flexural modulus, 10.6 GN mr*; Flexural 
5 strength, 118*9 MN nr 8 ,- Impact strength, 5.9 
KJ nr*. 

Example 22, 
The dispersions described in Kyamp l ^ 20 
and 21 are mixed in die weight proportions 
10 of 2:1 respectively, then initiated and cured 
as described in Example 1. Hie cored casting 
has the following mechanical properties: — - 

FlexuraJ modulus, 12.4 GN nr*j Hernial 
strength, 102 MN mr*. When one end of a 
15 4 inch long by £" wide rod of the composition 
is held horizontally in contact with a bun- 
sen burner flame for 1 mimim, the composition 
ignites and burns with a small blue flame which 
extinguishes itself in a few seconds, 

20 Example 23. 

To 1600 parts of the ball-milled dispersion 
of Example 21 are added 43 parts of polyvinyl 
chloride parades (Corvis P65/50*), followed 
. by the evaporation of 43 parts of methyl 

25. methacrykte monomer. The polyvinyl chloride 
. particles form an organosol dispersion in the 
methyl methacrykte monomer. The dispersion 
is cast and cured as in Example 1 to yield a 
glossy, flaw-free sheet containing 53-6% by 

30 volume of cristobalite and mule in a matrix 
of polymethyi methacrykte and polyvinyl ' 
chloride. The product has sumler medianicai 
properties and surface finish to that described 
in Example 21. In a burning test carried out 

35 as in Example 22, a sample burns very much 
more slowly than the product of Example 21. 

♦Corvic P65/50 is a Registered Trade 
Mark of Imperial Chemical Industries Limited 
for a spray-dried emulsioh-polymerised poly- 

40 vinyl chloride. . . 

Example 24. 
t This Example illustrates the effect of cross- 
linking in accelerating the cure of die fluid 
composition and preventing boiling of mono- 
45 met. 



To 321g of the dispersion of Example 21 
is added 24.2g of methyl methaaylate, 6.0g 
of ethylene glycol dimerhacryiate and 236 
parts of Fertadox Y16. The dispersion is cast 
in a preheated flat plate mouM in an oven 50 
at 80°C After 6J minuitesy a solid, flaw-free 
* casting is removed from the mould. Hie tem- 
perature inside the moulding reaches & maxi- 
mum of 154° C The mechanical properties 
of the product are as follows:— 55 

Flexural modulus, 13 GN mr«; Flexural 
strength, 128 MN m"*; Impact strength, 4.3 

Repeating the above procedure but omitting 
the ethylene glycol dinethacxyiate leads to 60 
the production of a bubbled and blown casting. 

E xamp le 25. 
The procedure of Example 24 is repeated 
with a mould and oven temperature of 90°C. 
After only 4 mtnuteSg a solid, flaw-free casting 65 
is removed from the mould; the peak tempera- 
ture attained is 155°C 

Example 26. 

This Example illustrates the "heat sink* 
effect of the inorganic particles in preventing 70 
m onom e r boiling Arm^r die curing operation. 

The dispersion of Example 21 is adjusted * 
by removal of some monomer so that after 
curing the volume proportion of cristcibelitc 
and rutile. combined in the composite will be 75 
60%. The dispersion is imitated witk 2% 
of Pexfcadox Y16, based on the free methyl 
methaaylate present, and is cured at 80° C as 
in Example 24. A solid cast sheet is removed 
from the mould after 10 minutes. In contrast, 80 
a sheet containing 50% by volume of filler 
cured under these conditions is badly flawed 
and blown. 

Examples 27—30. . 

This series of Examples illustrates the range 85 
of initiators that can be used for curing the 
fluid compositions and the absence of any large 
effect of -initiator variation on the mechanical 
properties of the cured products. 

Example 24 is* repeated, but using the 90 
initiators and quantities shown below: — 





Initiator 
ww on monomer 


Temp. 
°C. 


Cure 
time 
min. 


Flex, 
mod. 
GN m" 3 


Flex, 
strength, 
MNnT* 


Example 27 


2 %BP 2 % DMPT 


23 C 


30 mins. 


10.6 


116 


Example 28 


0.5% Y16 0,5% ADIB 


SO^C 


10 mins.. 


10.16 


109 


Example 29 


0.5% rpp 0.5% DCP 


80 r C 


9 mins. 


10,56 


114 


Example 30 


0.1% IPP 0.9% BP 


80°C 


13 mins. 


10.94 


111 
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BP = Benzoyl peroxide 
DMPT — Dimethyl paratntoidine 
Y16 = 'Terkadox* Y16 = bis(4-tert- 
butylcydohesyl) peroxydicarbonale 
5 ADIB = 2^-azo-bi^isoTxrtyionitiiIc 
IPP = Diisopropyl peroxydicarbonate 
DCP = DicWoro benzoyl peroxide. 

Example 31. 
This Example illustrates the use of a rota- 

10 tional moulding procedure. 

To 300g of the ball-milled dispersion des- 
cribed in Example 21 is added a further 113g 
of -die fliy»r«g»»» described in Example • 19, 
5 Jg of ethylene glycol dimethacrylate, 8 Jg of 

15 methyl methacrylate, 1.6 parts of benzoyl 
peroxide and 1.6 parts of dimethyl para- 
toktidine. The Brookfield viscosity of the dis- 
persion so obtained is 40 poise at 20 r.pjn. 
and 20°C The dispersion is placed in a dosed 

20 1 pint polypropylene truncated cone tub mould . 
(top diameter 12cm, bottom diameter llcm, 
length 12cm). The tub is rotated about the 
axis of symmetry at 7.0 r.pni. and about the 
end-over-end axis at 16 J npjrt at room trxo> 

25 perattm% After 30 mrnnrre a flaw-free, thin- 
walled moulding which reproduces esacdy the 
internal contours of the mould is obtained. 

Example 32. 
This Example illustrates the production of " 

30 a fibrermodified composite material. 

The curable composition used is the dis- 
persion described in Example 21, of Brookfield 
viscosity 0.4 poise at 20 r.pjiL and 20°Q 
with initiator added and ready for casting so 

35 as to give a cured sheet with a 50% by volume 
content of cristobalite and rutile. This disper- 
sion is pumped at very low pressure head 
(less than 10 rxsi.), using a peristaltic pump* 
into the bottom of a vertically held -ft" thick 

40 flat plate mould, which, contains two layers of • 
chopped strand glass fibre mat (Supra E Mat* 
FPL435) and two layers of glass fibre surface 
veils. Pumping was continued until the dis- 
persion issued from the top of the mould. The 

45 inlet and outlet were then damped so as to 
seal the mould and the sample was cured in 
the mould for 2 hours at 55°C followed by 
2 hours at 80°C 



*Supra E Mat is a Registered Trade Mark . 
of Fibre Glass limited tor a polymer latex- 
bound chopped glass fibre strand mat with 
approximately 200 fibres per strand; each, fibre 
is approximately 10 microns in diameter. 



" The final cured sample was free from 
entrained air and flaws, and contained 56% 50 
by weight of cristobalite and rutile and 15.6% 
by weight of glass fibre strand. The ouachamcal 
properties were as follows;-— 

Flexural modulus, 12.3 GN mr*; Hexnral 
strength, 95.0 MN — s ; Impact strength, 27*0 55 
KJ nr* 

Comparative Example K. 
An attempt is made to inject the slurry 
described in Comparative Example I, which 
contains particles larger than 100 microns, 60 
into a glass fibre-filled mould under the con- 
ditions described in Example 32. The mould 
very quickly becomes blocked and no further 
slurry can be injected. A further attempt is 
made by reducing the concentration of silica 65 
in the slurry to 40% by volume, but the mould 
.still becomes blocked. 

Example 33. . 
381 Grams of the dispersion described in 
Example 24 (50% by volume of cristobalite 70 
and rutile in the cured product) is initiated 
with 25g of benzoyl peroxide and 2«5g of 
dimethyl para tnlrddme. The . dispersion, 
having a Brookfield viscosity less than 5 poise 
at 20 r.pjn. and20°C, was then placed in a 75 
tub mould as described in Example 31 which 
is lined with one layer of surface veil and one 
layer of continuous strand glass fibre mat 
(FPL455 ex. Fibreglass Limited; each strand 
contains about 20 fibres of 10 microns dia- 60 
meter). The dosed mould is rotated at room 
temperature for 1 hour in the same way as 
described in Example 31. A fibre-rejnfaired, 
thin-walled moulding is obtained, with com- 
plete wetting out of the fibres and exact 85 
reproduction of the mould contours. 

' Example 34. 
A sheet of dear orientated 1/32" thick cast 
poly methyl medxacrykte (Terspex' (Regis- 
tered Trade Mark), ex LCL Ltd) was placed 90 
against one face of a -fk" thick cavity sheet 
mould. Two layers of chopped strand mat as 
described in Example 32 were placed in the 
mould, and the mould faces were then dosed. 
The dispersion of Example 32 is pumped into 95 
the mould in the manner described in that 
Example. After tu t^ c for 10 minutes at room 
temperature and post-curing at 80°C, a high 
quality -ft" thick moulding is produced which 
is composed of a glass fibre>ieinforced conn 100 
posite according to the invention, bonded to 
the acrylic sheet. The mechanical properties 
are as follows: — 
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Acrylic Face 


Acrylic Face 




ia Tension 


in Compression 


Flexural Modulus, GNnT 2 


6.5 




Flexural Strength* MNro~* 


115 


109. 


Impact Strength, KJm" 2 


22.5 


■ 24 



10 



15 



20 



25 



30 



Example 35. 
The dispersion of Example 21 is modified 
by additi on of farther methyl methacrykte to 
yield a dispersion which after casting and 
caring as. described in Example 1 gives a 33 
mm thick sheet which contains 30% by volume 
of cristobalite and rutile. This sheet is heated 
to 180°G in an air oven, and then damped 
in place over a 10 cm-diameter hole, com- 
pressed air is applied to one side of the bole 
and a 9cm high blister is blown without frac- 
ture of the composite occuxxing. The thickness 
at the apex of the blister is approximately 02 
mm. 

Example 36. 
A33 mm-thick sheet is cast from the disper- 
sion described in Example 21, containing 50% 
by volume of cristobalite and male. The sheet 
is then heated to 180°C and Wow moulded as 
described in Example 35. A 6cm-high blister 
is formed without fracture of the material* 

Example 37. 
An unsaturated polyester resin, which coo- 
tains a proportion of rnono^arboayhc arid- 
terminated polymer chains capable of function- 
ing as the polymer dispersant and ia free from 
dicarboxyhV add-terminated chains which 
would act as rlocculants, is prepared (using 
excess glycol) by condensing the 
ingredients: 
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Isophthalic add 
Maleic anhydride 
Propylene glycol 



26 parts 
32 parts 
42 parts 



toluene being present as a water-entraining 
solvent Glycol loss is prevented by the use of 
a short Vigreux column. The reaction is con- 
tinued until the add value of the mixture drops 
to 10 mg KOH/g, when 11.5 parts of evolved 
water have been collected, To reduce -the 
chance of the presence of a dicarboxyHc add- 
terminated chain still further, 3.8 parts of 
Cardura E* is added and the reaction mixture 
is held at about 230°C until the acid value 
drops to about 1.0 mg KOH/g, when approxi- 
mately one chain in every twenty is terminated 
with add groups. The batch is cooled to below 
80° C, applying vacuum to remove as much 
toluene is possible, and the reaction mixture is 
thinned to about 70% solids with styrene to 
give a viscosity in die region of 13 poise, a 



hydroxy! value around 25 mg KQEf/g non- 
volatile resin and a polyester number average 
molecular weight of 2,000— 3,000. To this 
product is then added 0.02%, based on solid 55 
resin, or Topanol 354**. 

A 50% by volume silica dispersion in a 
50% non-volatile<ontent solution of polyester 
in styrene is made by barging the following 
to a pug mixer and mixing for 2 hours: — 60 

Finely divided silica 

(«Minusii w 30***) 312 parts 
68% by weight solution of 

polyester in styrene made 

as described above 893 pare* 65 

Styrene 33.9 parts 
y-Merhacryloxy propyl 

trimethoxy sSane 2.98 parts 
1% solution of hydroquinone 

in styrene 1.0 part 70 

A low-viscosity, deflocculated dispersion con- 
taining 71% by weight silica is obtained, which 
is self -de-aerating and sdf-kvelHng. The dis- 
persion is initiated with 13% of benzoyl per- 
oxide based on the resin and styrene present. 75 
After casting in a glass plate mould and curing 
at 80°C for 1 hour, a high quality plaque is 
obtained. Viscosities and mechanical properties 
are reported in Table IV. 

Partidcs of 10 microns 30 

or less 99.8 by number (52% by weight) 
Particles of 50 microns 



or less 

Panicles of 100 microns 
or less 



(86% by weight) 
(100% by weight) 85 



The surface area of the particles is within the 
range hereinbefore denned. 



♦"Cardura" E is a Registered Trade Mark 
of Shell mtemational for a glycidyl ester of 
a branched Q>— Q„ saturated fatty add, with 
epoxide value typically of 245. 

♦♦•Topanol" 354 is a Registered Trade 
Mark of Imperial Chemical Industries Limited 
for 2,6-di-tm-butyl-4-merhoxyphenoL 

***«Miirusir 30 is a Registered Trade Mark 
of Pennsylvania Glass Sand Company Limited 
f or dry-ground air-dassined tr- quartz silica 
having the following particle size distribution: 
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Example 38. 
Hie following ingredients are charged to a 
pug mimr and mfc^d for 2 hours:— 

Manual 30* 312 parts 

Solution oE polyester in 

styrene (as described in 

Example 37) 50 pasts 

Stymie 65 parts 

y-methacryloxypropyl 

trimethoxy alane 2.98 parts 

1% hydroquinone solution 

in styrene 1.0 part 

A very low "viscosity, deflocculated dispersion 
containing 72% by weight of aKca is produced 
and, on curing as described in Example 37, 
a high quality casting results. Viscosities and 
mechanical properties are listed in Table IV. 

Example 39. 
The procedure of Example 38 is repeated 
but omitting the sflane derivative. A very low 
viscosity dispersion and a hffi quality casting 
are again produced. Viscosities and mechanical 
properties are shown in Table IV. 

* *Sec reference in Example 37. 
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Comparative Examples L and AL 
The procedures of Examples 37 and 38 
respectively are repented using an isophthalic 
acid-based polyester of similar composition but 
having an acid value of 25 mgm KOH/g (non- 
volatile). The relatively high acid value of this 3D 
polyester, which is typical of commercially 
available polyesters, indicates that it contains 
a substantial proportion of short dicarboxylic 
acid-terminated chains which act as flocculants 
rather than dispersants. In each case a disper- 35 
am i$ prepared containing 50% by volume of 
siHca (Minusdl 30). The considerably higher 
viscosities of the dispersions obtained, as shown 
in Table IV, demonstrate clearly that the dis- 
persions are flocculated. 40 



Comparative Examples N — Q. 
These Examples illustrate the compositions 
described in Example 37— 39 and Compara- 
tive Example M when the silica filler is 
omitted; the curing conditions used are those 45 
described in Example 37. Viscosity data and 
other results are shown in Table IV. 
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| Mechanical Proper tie a 
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. o cs 
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•n rj 
. es 'c* 


Brookficid 
Viscosity 2rpm 20°C 


50 poise 
0.9 poise 

750 poise 
0*6 poise 


12*7 poise 

6.5 poise 
0,12 poise 

700 poise 
0,1 poise 


Composition Details 


50% low AV Polyester 
in styrene: 

50% vol. silica+silane 

50% low AV Polyester 
♦styrene: No silica 

50% high AV Polyester 
in styrene: 

50% vol. silica+silane 

50% high AV Polyester 
+styrene: No silica 


30% low AV Polyestei 
in styrene: 

50% vol. siiicafstlane 

30% low AV polyester * 
in styrene: 
50% vol. silica 

30% low AV polyester 
in styrene: No silica 

30% high AV Polyester 
in styrene: 
50% vol. silica 

30% high AV Polyester 
in styrene: No silica 




Example 37 

Comparative 
Example N ' 

Comparative 
Example L 

Comparative 
Example 0 

Example 38 
Example 39 

Comparative 
Example P 

Comparative 
Example M 

Comparative 
Example Q 
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From the results in Table IV it is dear that 
the tow -arid value polyester, having a low 
probability of containing di-funcnonal add 
specks, gives rise to dispersions of much lower 
5 viscosity than does the high add value poly- 
ester. On curing, the fluid compositions ol 
Examples 37, 39 and 39 yield composites 
stronger than the matrix polymer. This effect 
Is most apparent with the 30% -non-volatile 
10 polyester compositions, for the unfilled 30%- 
NV polyester does not even cure to an homo- 
genous solid. 

^ Example 40. 
This Example and Examples 41 — 42 illus- 
15 trate the use of a matrix polymer which is 
derived from methyl methacrylate and die bis- 
(methacrylic add) addiict of an epoxy resin. 

1640 parts of a finely divided jS-cristobaKte 
silica, having a surface area of 3 m*/g 
20 (7.02m*/cc: density, 234g/cc) and a partide 
sfaa distribution as follows: — 

partides of 5 microns or less — (40% by 
weight) 

panicles of 10 microns or less 99.9% by num- 
25 ber (81% by weight) 

particles of 50 microns or less — (100% by 
weight) 
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are disposed in a mixture of 120 parts- of 
methyl methacrylate and 4S0 parts of a 50% 
solution in methyl methacrylate of a bisfmeth- 
acrylic add) addiict of the epoxy resin Known 
as ^BpkxXxT 1004 (Registered Trade Mark), 
which is a condensation product of epicblor- 
hydrin and diphenylc4propane having a- mole- 
cular wdght of about 1800, in the presence of 
40 parts of a solution of a dispersant as des- 
cribed below. The dispersion is carried out 
using a high speed laboratory Torrance Cavita- 
tion Disperser, the silica being added gradually 
whilst the monomer/ adduct mixture is stirred, 
the disperser finally being run at ICOO r.pjn. 
for 30 niinutes to complete the operation. A 
fluid dispersion is obtained, the viscosity of 
which is measured by means of a Brookfidd 
Viscometer, multispeed modd RVP (Brook- 
field Engineering Laboratories Inc., Massa- 
chusetts, USA). In a proportion of the disper- 
sion is dissolved 2% by weight, based on the 
monomer /addiict content, of Perkadox Y16 
initiator, the material is degassed under reduced 
pressure and is then moulded at 50°C for 2 
hours, and then at 80°C for 2 hours, into a 
sheet of composite material containing 54% 
by volume of silica. Physical and mechanical 
data for this Example are given in Table V. 
In mis and the following Examples, viscosities 
are expressed in poise at 20°C Where, in the 
case of shear-thicxening or shear-thinning com- 



positions, two viscosity values (a) and (b) 
are given, those marked fa) are measured at 
2 r.pjn. using the Brookfield spindle size stated 
and those marked (b) are measured at 20 
r.p.m., again using the spindle size stated. 
Where, in the case of essentially Newtonian 
compositions, only one viscosity value is given, 
this is the value measured, at 2 r.pjn. 

The bis(methacrylic add) adduct of the 
epoxy resin used in the above procedure as 
a constituent of the matrix polymer is made 
by heating under reflux at 135 — 140°C for 
li hours the following ingredients:— 

^Epikote" 1004 720 parts 

Butyl acetate 500 parts 

Hydroquinone 0*1 part 

Dimemylaminoethanol 2 parts 

Methacrylic add 70 parts 
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In this way, 90% of the epoxide groups present 
in the epoxy resin are converted to ester groups 
by the methacrylic add, as indicated by acid 80 
value measurements. The solvent is removed 
under reduced pressure at 70° C and the residue 
dissolved in methyl methacrylate to provide 
a 50% sc4nnm. . 

The dispersant solution used in the above 85 
procedure is made as follows. The above- 
described preparati on of the epoxy resin adduct 
is followed, but with the quantity of meth- . 
acrylic aad reduced to 50 parts. To the pro- 
duct, without removal of the solvent, is added 90 
33 parts of p-nitrobenzoic add and 1 part of 
dimethylammoethanoL The mixture is heated 
at 135 — 140°C under reflux for 2\ hours and 
then the solvent is removed at 70°C under 
vaccum. The resulting dispersant, the mole- 95 
cular weight of which is within the range here- 
inbefore defined, is dissolved in methyl meth- 
acrylate to give a 50% solution. 

' Comparative Example R. 
The procedure of Example 40 is repeated, 100 
but omitting the solution, of -the dispersant. 
Viscosity measurements on the dispersion ob- 
tained show it to- exhibit substantial shear- 
thickening. These data and properties dL the. 
cured composite material- are given in Table V. 105 

Example 41* 
The procedure of Example 40 is repeated, 
but with the incorporated, just prior to the 
final stage of dispersing the silica at 1000 
r.pjn. for 30 minutes, of y-methacryloxy- 110 
propyl trimethoxysOaue and water in the pro- 
portions of 4 parts and 1 part respectivdy to 
2240 parts of the ah'ca/monomer/adduct mix- 
tore. The physical and mechanical properties 
recorded are g^ven in Table V. 115 
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Viscosity 

of fluid 
composition 


■ Properties of composite 




Type of 
: composition- 


Modulus 
GNnT 3 


I Flex. 


; Impact 


Example No. 


(a)*" 




Strength * 

MMm" a 
i»u\ui 


Strength 

KJm- 


4a 


. Dispersant 
present 


25 


129 


12.0 - 


88.5 


4.0 


Comparative R . 


No dispersant 


100 


440 


13J 


109 


5.4 


41 


Dispersant and 
interfacial 
bonding agent 


22 


89 


12.5 


130.7 


6.6 



The. results shown in Table V demonstrate 
.the marked improvement in the fluidity of die 
curable compositions which results from the 
use of the polymeric dispersant, and also the 
5 further improvement in fluidity achieved by 
incorporating an interfacial bondi 
during the process of dispersing the 

Example 42. 
The procedure, of Example" 40 is repeated. 

10 but using as the starting materials 1640 parts 
of the finely divided sthoa, 120 parts of methyl 
mtthacrylate, 310parts of the 50% solution of 
the epcxy resin adduct, 170 parts of a disper- 
sant solution as described below, and 1 part 

15 of water. The dispersion obtained has viscosi- 
ties of (a) 66 poise (spindle No. 3) and (b) 
378 pease (spindle No. 6). The cured com- 
posite material, containing 50.4% by volume 
of silica, has modulus 15.1 GNnrt fiexural 

20 strength 154 AtNnr* and impact strength 7.9 
KJm""*. 

The dispersant solution used in this pro- 
cedure is obtained as follows. The procedure 
described in Example 40 for the preparation 

25 of the epoxy resin adduct used therein is fol- 
lowed, except that the amount of methacrylic 
add is reduced to 50 parts. To the 50% solu- 
tion of the adduct is added 35 parts of -y-amino- 
propyl trimerhoxysuane and the mixture is 

30 allowed to stand overnight to complete the 
reaction of the residual epoxide groups of the 
adduct with the amino groups of the suane 
derivative. The product has a molecular weight 
within the range hereinbefore defined 



35 Example 43. 

This Example illustrates the use of a poly- 
merisable system based on styrene and chloro- 
phenylmaleimide. 
312 pans of chtorophenylmaleimide are 
4U dissolved in 208 pares of styrene with slight 
warming, giving a 1:3 molar comonomer mix- 
tare. To this are added 26 parts of a 50% 

* (a) measured with Brookfield spindle No. 2 
(b) measured with Brookfieid spindle No. 
5 or 6- 



ffS^^^^*^ Ascribed below, 
followed by 1410 parts of the finery divided 
sihea described in Example 40. The silica is 45 
dispersed in the manner described in Example 
40, there being added, just prior to the the final 
stage of dispersion at 1000 r.pjou 3 JS parts 
of T^nethacxyloxyprowl trimethoxysilane and 
0.7 part of water. Afluid disperaionrisobtDined 50 
(viscosity 9 poise) which can be cured as 
described in Example 40 to give a sheet of 
composite material containing 53.7% of silica 
by volume. • 

. **** dispersant solution used in this Example 55 
is obtained, as follows. To a mixture of 0 85 
part butane-], 2.0 part of glycidyl metfaacryl- 
ate and 17.8 parts of hydroxyisopropy* meth- 
acrylate, warmed to 30°C, there arc added 
235 parts of methacrylamide, together with 60 
a little water to assist dissolution. 13.2 Parts 
f¥??* 20A 2-ethyIhexyi acryiate, 

and 05 part of tertiarybutyl perbenxoate are 
thenadded. 42.2 Farts of xylene am heated 
to reflux temperature (140°C) and the fore- 65 
going monomer mixture is fed "in over a 
period of 3 hours, with the addition of a 
Anther 0.1 part of tertiarybutyl perbenzoate 
arter 1 hour. Heating at reflux temperature 
is contained until the mixture has a solids 70 
content of 49-51%. The mixture is then 
pooled to 110°C and 0.6 part of p-amino- 
benafwc acid and 0.1 part of "Armeen" 
DMGD (Registered Trade Mark for dimeth- 
yl cocoamine) is added. Heating at reflux 75 
is resumed and continued until the mixture 
has an acid value below 0,5 mgKOBJ/g. The 
xylene is then removed by vacuum distffia- 
ttonand die residual solid polymer is dis- 
solved m styrene to gfve a 50% solids solu- 80 
torn. The polymer has a molecular weight 
withm the range hereinbefore defined, 

Comparative Example S. 
The procedure of Example 4£ is repeated, 
but omitting the dispersant solution. When 85 
only 32% by volume of the silica has been 
added> the dispersion has already become 
highly thixotropic and cannot be moulded. 
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Example 44, 

This Example and Example 45 illustrate 
the use of a poiymerisable system based on 
methyl methacrylate copdymerised with a 
reaction product of hydrofxyethyl methacryl- 
ate and a nidamme^fminaldefayde resin. 

A mixture of 180 parts of jparaf ormaMe- 
hyde, 126 parts of melamine, 185 parts of 
n-batanol and 200 parts of water is adjusted 
to pE 9.0 using 

N 



l hydroxide ~ solution^ and is thf-n 
heated under reflux fox 30 minutes. To mis 
mixture is added 780 parts of hydroxyethyl 
methacrylate (this contains sufficient free 
methacrylic add to lower the pH of the 
mixture to 4.5), 0.5 part of hydroquinone 
and 200 parts of toluene. The mixture is 
Seat ed and water removed by distillation, 
using a Dean and Stark separator. During 
distQIadon over 3 hours the tempearmre of 
me mixture rises from 88° to 120°C and 
314 cc of aqueous distillate are removed. The 
product is filtered, giving a low viscosity 
syrup. A dispersion is mm prepared, by the 
method described in Example 40, from 1210 



parts of the finely divided silica described in 
Example 40, 125 parts of the above-described 
syrup, 375 parts of methyl methacrylate and 
20 parts of the methyl memacrylate- 
.dimemylaminoethyl methacrylate copolymer 
dispersant described in Example 18. A highly 
fluid dispersion is obtained;' die properties of 
the dispersion and of a composite material, 
containing 48.0% by volume of silica, pro- 
duced therefrom by curing are given in Table 
VI 



Example 45. 
The procedure ct Example 44 is repeated,- 
but with the addition, just prior to the final 
stage of dispersion at 1000 r&n. for 30 
minutes of 5 parts of 7-merhacrylaxyprqpyi 
trimethoxysikne and 1.25 jam of water. Hie 
properties of the dispersion obtained and of 
the composite material produced therefrom 
are given in Table VL 

Comparative Example T. 
The procedure of Example 44 is repeated, 
but omitting the copolymer dispersant He 
dispersion rapidly becomes thixotropic during 
the addition of the silica and only 46.6% by 
vahmie of silfce can be mcorparated. The 
properties of the dispersion and the derived* 
composite are shown in Table VL 
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TABLE VI 









Properties of composite 


Example No. 


Type of 
composition 


Viscosity of fluid 
composition* 
puJse 


Modulus 
GNnT a 


Flex, 
strength 
MNm~ 2 


Impact 
strength 
KJm" 2 


44 


Dispersant 
present 


0.85 


12.23 


81.9 


3.21 


45 


Dispersant- 
interfacial 
bonding agent 


0.74 


11.81 


119 


5.55 


Comparative T 


No dispersant 
or bonding 
agent 


6.5 


11.48 


66.9 


3.14 



60 



Here again the results show the progressive 
improvement in the fluidity on the curable 
composition, and in the properties of the 
derived composite material, resulting from 
the incorporation of the polymeric dispersant 
and further of the interfacial bonding agent. 



Example 46. 
This Example illustrates the use, as the 
basis for the polymer matrix, of a copolymer 
65 of methyl methacrylate and a vinylidene- 
terminated urethane prepolymer; 

A prepolymer is prepared by dissolving 
400 parts of "Desmodur" N (Registered 



Trade Mark for a trifunctional isocyanate) 
in 686 parts by volume of methyl methacryl- 
ate, together with 0.1 part of hydroquinone 
and 1.0 parts of dibutyrdn dilaurate. 286 Para 
of hydoxy ethyl methacryiate are added slowly 
over 45 minutes, and the mixture allowed to 
stand for a further 90 minutes (during which 
time me temperature rises to about 50°). 

A dispersion is then prepared, by the 
method described in Example 40, from 1340 
parts of the finely divided silica described in 
Example 40, 220 parts of the above-described 
prepolymer, 200 parts of methyl methacrylate, 
60 parts of a dispersant solution as described 



70 



75 



80 



29 



1,493,393 



29 



below and 12 parts: of water. The dispersion 
is highly fluid, with a. viscosity of 2.0 poise 
only 3 and is easily fabricated hits a composite 
material containing 533% by volume of 

5 silica and having the following excellent 
mechanical properties: Modulus, 12D4 
BNnr*; flexural strength, 129.6 MNmT 1 ; 
impact strength, 6.75. KJrnr 8 . 
The solution of dispersing agent used in 

10 this procedure is obtained by dissolving 480 
parts of "Desmodur w N in 805 parts of 
methyl methaoykte, together with (XI part 
of hydroquinone and 1.0 part of dibutyltin 
dilaurate, then adding 260 parts of hydroxy- 

15 ethyl methacrylate over a period of 45 
minutes and allowing the mixture to stand for 
a further fy hours; finally, 72 parts of 
Y-aminoproDyl trimethoxysilane are mixed in . 
and the mixture allowed to stand overnight 

20 Hie product has a molecular weight within 
the range hereinbefore defined. 

Comparative Example U. 
The procedure of Example 46 is repeated, 
but omitting the solution of the dispersing 
25 agent and increasing the amounts of the pre- 
polymer and the methyl methacrylate to 250 
ports each. The dispersion which results is 
very viscous and cannot be moulded. 

Example 47. 

30. This Example (illustrates the use of poly- 
mer matrix based on polystyrene, with the 
filler having been produced by comminution 
in the presence of a dispersant and an inter- 
facial bonding agent, 

35 1264 Parts of coarse £-crys£obaIite salica, 
497 pare of styrene> 3.5 parts of y-meth- 
acryioxypropyl trimethoxysilane, 1.0 part of 
water and 50 parts of a 25% solution in 
Ftyrene of a dispersant copolymer as des- 

40 cnbed below are ground in a ball mill accord- 
ing to the method described in Example 5. 
A dispersion is obtained which contains 
50.0% by volume of silica and has a viscosity 
of only 0.6 poise. The silica particles are of 

45 a size and surface area within the ranges 
hereinbefore defined. 

The dispersant used in a 1:1 by weight 
block copolymer of ris-l:4-isoprene and di- 
methylaminoethyl methacrylate in which both 

SO polymer blocks have a molecular weight of 
10,000. 

Comparative Example V. 
The procedure of Example 47 is repeated, 
but omitting die dispersant solution and the 
55 sHane derivative and increasing the amount 
of styrene taken to 540 parts. The dispersion 
obtained again contains 50.0% by volume of 
siKca but it is viscous and markedy thixo- 
tropic. 

60 Example 45: 

This Example and Examples 49 and 50 
illustrate die use of barium sulphate as the 



.inorganic filler in a methyl methacrylate 
based system. 

1700 Parts of Blanc Fixe (a precipitated 65 
barium sulphate of surface area 33 m'/g 
(14.52m 1 /cc: density, 4.4g/cc) and an aver- 
age particle size of 0.5 — 0.6 microns within 
the range hereinbefore defined) are dispersed 
in 500 parts of methyl methacrylate and 20 
parts of the copolymer dispersant described 
in Example 5, using the procedure described 
in Example 40. A very fluid dispersion is ob- 
tained (viscosity 2.5 poise) containing 43.6% 
by volume of Blanc Fixe. . 

Example 49. 
The procedure of Example 48 is repeated, 
but replacing the copolymer dispersant there 
-described by IS parts of the copolymer dis- 
persant described in Example 18 and increas- SO 
ing the amount of Blanc Fixe to 2330 parts. 
The dispersion obtained contains 50% by 
volume of die filler and has viscosities of (a) 
33 poise (spindle No. 4) and (b) 140 poise 
(spindle No. 7)* A composite material ob- 85 
tsined by curing the dispersion has modulus 
12.04 GNmr*; fiexural strength 44.1 MNmr*; 
impact strength L68 KJm-*. 

Example 50. 
The procedure of Example 49 is repeated, 90 
but with die addition of 5 parts, of meth- 
aayHc add after the Blanc Fixe is fully 
incorporated. On making this addition, an 
immediate and substantial increase in fluidity 
of the dispersion becomes apparent The dis- 95 
persion has a viscosity of only 1.0 poise and 
a composite material obtained from it by 
curing has modulus 8.9& GNnr-*; fiexural 
strength, 48.9 MNTmr*; impact strength, 1.93 
KJm-*. The improved fluidity of the dis- 100 
persion may be attributable to conversion of 
die tertiary amine anchor groups in the dis- 
persant copolymer to the corresponding 
methacrylic add salt groups. 



Comparative Example W. 
The procedure of Example 48 is repeated, 
but omitting the copolymer dispersant.. After 
the addition to the methyl methacrylate of 
only 15% by volume of Blanc Fixe, the dis- 
persion becomes so cblatant in character that 
further addition of filler is* impossible. 
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Example 51. 

In this Example and Example 52, die poly- 
mer matrix is derived from a styrene-divinyl- 
benzene-butyl hydrogen maleate copolymer, 115 

1300 Parts of the finely divided silica des- 
scribed in Example 40 are dispersed, using 
the method described in that Example, in 180 
parts of styrene, 20 parts of divinyl benzene 
(as a 54% solution in ediylvinylbenzene), 120 
340 parts of butyl hydrogen maleate and 9 
parts of the copolymer dispersant of Example 
18. The properties of die dispersion so ob- 
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tained, containing 50% by volume of silica, 
and of a flaw-free, moulded sheet obtained 
by degassing and curing the dispersion, axe 
shown in Table VJL 

Example 52. 
The procedure of Example 51 is repeated, 
with the addition of 5 parts of 7-methacryJ- 
oxypropyl trimethorysikne and 1 pan of 
water to the mixture fust prior to the final 
stage of dispersion at 100 r.pjn. The proper- 
ties of the dispersion so obtained, again con- 



taining 50% by volume of silica, and of the 
derived cured composite material are shown 
in Table VII. 



Comparative Example X, 
The procedure of Example 51 is repeated, 
bur emitting the copolymer dispexsanL When 
only approximately 42% by volume of silica 
has been incorporated, the dispersion is found 
to be extremely viscous and cannot be 
moulded 
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TABLE VE 









Properties of composite 


Example No. 


Type of 
composition 


Viscosity of fluid 
composition 
poise 


Modulus 
GNnT 2 


Flex 
Strength 

mur 1 


Impact 
Strength 
KJuT 2 


51 


Diapers ant 
present 


10 


4.0 


16.8 


1.7 


52 


Diapers ant+ 
interfacial 
bonding agent 


10 


2.0 


13.5 


2.8. 



Example 53. 
970 Parts of calcium carbonate whiting 
No. 16V having the following particle size 
25 distribution: — 

- Particles greater than 20 rnicrons 17% by 
.weight 

Particles greater than 10 microns 30% by 
weight 

30 Particles greater, than 5 microns 53% by 
weight 

Particles greater than 2 microns 72% by 
weight 

and a surface area within the range herein- 
35 before defined are dispersed in 300 parts of 
methyl methacryiate containing 17 parts of 
the copolymer dispersant described in 
Example 18, using the procedure described in 
Example 40, The resulting dispersion is fluid, 
40 having viscosities of (a) 124- poise (spindle 
No. 3) and (b> 31.5 poise (spindle No. 3). 
It can be degassed and moulded into a com- 
posite sheet without difficulty; the filler con- 
tent is 55,4% by volume. 
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Example 54. 
The procedure of Example 53 is repeated, 
with the addition of 5 parts of math acrylic 
acid after the calcium carbonate is* fully in- 
corporated. This results hi an increase in 
fluidity of the dispersion, the viscosities being 
(a) 69 noise (spindle No. 3) and (b) 13 
poise (spindle No. 3), and in easier degassing 
<md moulding. 



Comparative Example Y. 
The procedure of Example 53 is repeated, 
but omitting the copolymer dispersant. It is 
found possible to incorporate only about 40% 
by volume of the calcium carbonate, owing to 
the high viscosity attained by -die disperison. 

Example 55. 
1600 Parts of the finely divided silica des- . 
cribed in Example 40 are dispersed, by die 
method described in that Example, in 500 
parts of butyl acrylate, 05. part of poly- 
propylene glycol dirnethacrjdate, 3 5 parts of . 
y-methaaylasrypropyi trimethaxysilane, 0.7 
part of water and 13 parts of 90/10 copoly- 
mer of butyl acrylate and dfoerhylaminoethyl 
methacryiate, having a molecular weight 
within the range hereinbefore defined, as dis- 
persant. A dispersion ' of viscosity 0.7 poise, 
containing 57.7% by volume of silica, is ob- 
tained, which is easily degassed and moulded 
to from a sheet of composite material. 

WHAT WE CLAIM IS: — 
1. A stable, fluid, mouldable and curable 
composition comprising (A) an organic 
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liquid which is polymerisable to form a "solid 
polymer as hereinbefore defined and has a 
viscosity not greater than 50 poise at the 
temperature at which the composition is to 
be moulded, (B) finely divided particles 
haying the size and surface area character- 
istics hereinbefore defined of one or more 
inorganic fillers, the said particles constituting 
at least 20% by volume of the total com- 
position, and (C) a polymeric dispersant as 
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hereinbefore defined whereby the filler par- 
tides are maintained in a state of stably de- 
flocculated diversion in the polymerisable 
liquid. 

5 2. A composition as claimed in claim 1* 
wherein the pdymerisable organic liquid (A) 
is a liquid monomer or a liquid mixture of 
monomers which can be polymerised to form 
a solid polymer in which the repeat units in 

10 the polymer chain are linked through carbon- 
carbon bonds or by such bonds interrupted 
by hetero atoms. 

3. A composition as claimed in d*m 2, 
wherein the monomer or each monomer is an 

13 unsaturated monomer capable of undergoing 
addition polymerisation, 

4. A composition as claimed in claim 3, 
wherein the monomer or at least one of the 
monomers is an ester of acryiic or methacrylic 

20 add with an aliphatic, aMcydic or aromatic 
alcohol containing from 1 to 18 carbon atoms. 

5. A composition as daimed in claim 4, 
wherein the monomer or at least one of the 
monomers is methyl methacryi&te. 

25 5. A composition as claimed In claim 2, 
wherein the monomer or each monomer is a 
cyclic monnrnfr capable of undergoing 
addition polymerisation by xmg-openmg * 

7. A composition as claimed in claim 6, 
30 wherein the monomer or each monomer con- 
tains an epoxide group. 

8. A composition as claimed in claim 1, 
wherein the polymerisable organic liquid (A) 
is a mixture of one or more preformed 

35 polymers with- one or more monomers as 
^Hi nfd in f^myn 2. 

9. A composition as claimed in claim 8, 
wherein the mixture comprises a solution 
of an unsaturated polyester in one or more 

40 ethylenicaUy unsaturated monomers, 

10. A composition as claimed in daim 8* 
wherein the mixture comprise* a solution or 
dispersion of a non^reactxve polymer in one 
.or more ethylenicaUy unsaturated monomers. 

45 11. A composition as claimed in any one 
of claims 1 to 10, wherein the polymerisable 
organic liquid has a viscosity not greater man 
10 poise at the moulding temperature, 

12. A composition as claimed in claim 11, 
50 wherein the polymerisable organic liquid has 

a viscosity not greater than 1 poise. 

13. A composition as claimed in any one 
of daims 1 to 12, wherein more than 99% by 
number of the partides of the inorganic filler 

55 (B) are of a size 10 microns or less. 

14. A composition as claimed in claim 13, 
wherein the maximum size of any particle 
present is 75 microns. 

15. A composition as claimed in claim 14, 
60 wherein the maximum size of any partide 

present is 50 microns. 

16. A composition as daimed in any one 
of claims 13 to 15, wherein the partides have 
a surface area of from 2QmVcc to 2m a /cc. 



17. A composition as daimed in any one 55 
of claims 1 to 16, wherein the- polyxnenaable 
organic liquid (A) gives rise to a polymer 
which is either glassy ox crystalline and the 
inorganic filler partides (B) constitute from 
35% to 85 % by volume of the total curable 70 
composition. 

18. A composition as claimed in claim 17, 
wherein the filler partides constitute from 
50% to 80% by volume of the composition. 

19. A composition as daimed in any one 75 
of claims 1 to 18, wherein the polymeric 
dispersant (C) is a simple polymer or co- 
polymer chain which is soivatable by the 
polymerisable organic liquid (A) and is ter- 
minated by a single group capable of 80 
associating with the -filler particles (B). 

20. A composition as claimed in daim 19, 
wherein the polymer or copolymer chain of 
die dispersant (C) has a molecular weight 
greater man 1500. 85 

2L A composition as claimed in any one 
of daims 1 to 18, wherein -die polymeric dis- 
persant (C) is a random copolymer which is 
sojvatable by the polymerisable liquid (A) 
and in which there are present from 1% to 90 
20%. by weight of monomer units carrying 
groups capable of associating with the filler 
particles (5). 

22. A composition as claimed in claim 21, 
wherein the random copolymer chain of the 95 
polymeric dispersant (C) has a molecular 
weight greater than 3000. 

23. A composition is daimed in claim 21 
or claim 22, wherein the monomer units 
carrying the partide-assqdating groups in the 100 
polymeric dispersant (C) constitute from 
1.5% to 15% by weight of the total ♦copoly- 
mer. 

24. A composition as daimed in any one 

of daims 1 to 18, wherein the polymeric 105 
dispersant (C) is an AB block copolymer, 
wher A is a polymer or copolymer block 
solvatable by the polymerisable liquid and B 
is a polymer chain which is not thus solvat- 
able. no 

25. A composition as claimed in daim 24, 
•wherein the molecular weight of the A block 
in the polymeric dispersant is greater than 
1500 and the weight ratio of the A block 

xd the B block is from 3:1 to 1:3. 115 

26. A composition, as daimed in any one 
of claims 1 to 18, wherein die polymeric dis- 
persant (C) is a multiple block copolymer 
A m B 0 AoBp — j where A and B have the same 
significance as in claim 24 and die suffixes 120 
m, n, o, p— denote differing lengths of poly- 
mer chain in each sequence of the block. * 

27. A composition as daimed in claim 26, 
wherein die molecular weight of each A block 

is greater than 1500 and mat of each B block 125 
greater than 500, the weight ratio of A blocks 
to B blocks being from 3:1 to 1:3. 

28. A composition as claimed in any one 
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of claims 1 to 18* wherein the polymeric dis- 
persaat (C) is a graft copolymer selected 
from die following types: — 



(i) 



(Si) 



Am An 

-aSccdcc- 



Am An Ao 

-"ccLcccL 



— OCCD 



Am An 
-CCCCCXXC— 



Bp 



wherein A denotes a chain, soivatable by the 
polymerisaWe liquid and B denotes a chain 
non-solvatable by that liquid, the suffixes m, 

10 P — ' denoting differing lengths of polymer 
. chain; C is a monomer giving rise to a polymer 
backbone which in (i) is non-solvatable by 
the polymerisable liquid and in (it) and (in) 
may be either soivatable or non-solvamble by 

15 that liquid, and D is a monomer unit bearing 
a jpeofic jpartidc-assodaring group. 

29. A composition as claimed in any one of 
claims 1 to 28, wherein the partide^asaodating 
groupings in the polymeric dispersant (C) are 

20 polar groupings or chemically reactive group- 
ings which have a specific affinity for comple- 
mentary polar or reactive grouping? present 
. on the particle surface. 

30. A composition as claimed in any one of 
25 claims 1 to 28, wherein the particle associating 

groupings in the polymeric dispersant (C) are 
polymeric chains which axe relatively non- 
solvated by the pohnerisable liquid (A). . 

31. A composition as cTaimfd in claim 3, 
30 wherein die polymerisahle organic tiquid (A) 

is methyl methacrylate and the polymeric dis- 
persant (C) is a poly(methyi methacrylate) 
v chain carrymg a trrminfll COOH group or a 
metal caxbozylate group. 

35 32. A composition as claimed in daim 3, 
wherein the polymerisable organic liquid (A) 
is methyl methacrylate and the polymeric dis-' 
persant (C) is a random copolymer of methyl 
methacrylate and methacxyHc add, optionally 

40 converted to a. metal salt thereof. 

33. A composition as claimed in claim 3, 
wherein the polymerisabie organic liquid (A) 
is methyl methacrylate and the polymeric dis- 
persant (C) is a rand o m copolymer of methyl 

45 methacrylate and chmethyfeunmoethyl meth- 
acrylate, optionally converted to a quaternary 
ox add salt thereof. 

34. A composition as daimed in any one 
of claims 1 to 33, wherein the polymeric dis- 

50 persant (C) is present in a proportion of at 
least O.Olg per square metre of the total sur- 
face area of the filler parades, 

35. A composition as claimed in any one of 



claims 1 to 34, wherein there is also present 
as a further constituent a non-polymeric agent 55 
as hereinbefore' defined for bonding the poly- 
mer matrix to the filler parades. 

36. A composition as daimed in daim 35, 
wherein me bonding agent ia present in a pro- 
portion of at least 0.001g per square meter of 60 
the total surface area of the filler partides, 

37. A composition as daimed in daim 35 
or 36, wherein the bonding agent is y-meth- 
acryloxypropyl tximethoxysilane or y-amino- 
propyl trimethoxysJIane. 65 

38. .A composition as daimed in any one of 
daims 1 to 37, wherein mere is also present 
a pigment or dyestuft 

39. A composition as claimfti in any one. 

of daims 1 to 38, wherein there is also present 70 
a coarse granular or fibrous material as herein- 
before defined. 

40. A composition according to claim 1 sub- 
stantially as hereinbefore described, with refer- 
ence to the foregoing Examples. 75 

41. A method for the production of stable, 
fluid, mouldable and curable compositions as 
hereinbefore defined which comprises dispers- 
ing, m an organic liquid (A) which is poly- 
merisabie to form a sold polymer and which 80 
has a viscosity not greater than 50 poise at 

the temperature at which the composition is to 
be nv™1dr^ findy divided particles (B) as 
hereinbefore defined of an inorganic filler, in 
the presence of a polymeric dispersant (C) as 85 
hereinbefore defined, so mat the filler particles 
constimte at least 20% by volume of die total 
composition. 

42. A method as HnimpH in daim 41, where- 
in the filler partides (B) are already available 90 
in the required, primary paxtide sixe. 

43 . A method as claimed in claim 41, where- 
in me filler particles (B) are produced in the 
presence of the 'polymerisabie liquid (A), or 

of a liquid component thereof, and also in the 95 
presence of the polymeric dispersant (C), by 
comminution of coarse, non-colloidal partides. 

44* A method as daimed in claim 43, where- 
in there is also present during the comminution 
operation a non-polymeric agent as herein- 100 
before defined for bonding the polymer matrix 
to the filler partides. 

45. A method according to claim 41 sub- 
stantially as hereinbefore described, with refer- 
ence to the foregoing Examples. 105 

46. A process for the production of a multi- 
component composite material . comprising an 
organic polymer matrix and a particulate in- 
organic reinforcing phase dispersed therein and 
bonded thereto, the process comprising subject- 110 
ing to curing. a curable fluid composition as 
claimed in any one of claims 1 to 40, so as 

to convert the polymerisabie organic liquid 
component thereof into solid polymer. 

47. A process as rlaimeri in claim 46, where- 115 
in the curing process indudes a cross-linking 
reaction. 

48. A process as claimed in claim 46 or 
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daim 47, wherein the curable composition is diameter than the average size of the filler par- 
moulded, by casting prior tx> the curing oper- ticles. 

. ...... . 52. A process as daimed in claim 48j where- 15 

49. A process as claimed in claim 48, where- in casting of the composition is effected by 
5 in casting of the composition is effected by low rotational moulding. 

presure injection, into a closed mould. 53. A process according to claim 46 substan- 

50. A process as claimed in daim 49, where- ^ hereinbefore described, with reference 

in the mould is filled with fibre strands before . to the foregoing Examples. 20 
injection of die curable composition. 

10 51. A process as claime d in daim 50 3 where- D. J. C. WOOD, 

in the fibre strands are in the form of a mesh Agent for the Applicants, 
having pores which are five times greater in 
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